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Abstract
This thesis presents three higher-mass star forming regions (Mon R1, Mon R2 and
NGC 2264) as observed by Herschel , and also the JCMT (SCUBA-2), and the IRAM
30-m telescope, with additional data from the Spitzer and WISE archives. The Herschel
observations, using the SPIRE and PACS instruments over a range of 70µm–500µm,
were taken as part of the HOBYS Key Programme, and the data were reduced using
the HIPE mapmaking environment with sources identified and characterised by the get-
sources routine. The Herschel observations cover the peaks of cold dust SEDs, allowing
robust estimates of mass and temperature to be made.
Comparisons of the Herschel observations of the three regions suggest a picture
of star formation in which the densest parts of certain molecular clouds can accrete
matter via filaments from the surrounding regions, fuelling far more star formation
than occurs in the outer regions. My study of these regions has led to the potential
classification of two separate regimes of star formation. The first occurs in filamentary
regions (generally observed with a column density of 3 × 1021 cm−2–1.5 × 1022 cm−2),
and is associated with gravitational accretion. The second occurs in dense ridges and
filamentary hubs (>1.5 × 1022 cm−2), in which intense star formation is fed by material
flowing inward, with feedback from newly-formed stars interacting with the infalling
material. The identification of these distinct populations is backed up by characterisation
of the probability density functions (PDFs) and by determination of local core formation
efficiency (CFE), both of which show a regime change at ∼ 1.5× 1022 cm−2. Comparisons
of source mass, FWHM, and luminosity also indicate a separate population of cores
forming in such regions.
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Chapter 1
Introduction and Review of High-Mass
Star Formation
1.1 Introduction to Star Formation
By the early part of the twentieth century, the idea that stars formed in neb-
ulae was already becoming accepted by the scientific community (for example, Cortie,
1919). Even as this occurred, scientific understanding of the nebulae themselves was
being updated: while the spiral nebulae were revealed as external galaxies, the more
diffuse visible nebulae were shown, by their spectra, to be reflecting light from nearby
stars (Slipher, 1912; Hubble, 1922), and were otherwise indistinguishable from the dark
nebulae, which had also been recently identified (Barnard, 1919). It was also realised
that due to stellar radiation pressure, these reflection nebulae could not survive long,
especially in the vicinity of the brightest stars (Russell, 1922). Consequently, a simple
model of star formation would begin with clumps of nebulous material, which condense
under their own gravity into stars, which briefly illuminate the surrounding molecular
cloud as a reflection nebula, before it is blown away by the stellar feedback.
More recent studies (for example those listed in Williams et al., 2000) show the
picture in greater detail. Most of the molecular mass of the interstellar medium (ISM)
is tied up in giant molecular clouds (GMCs), which have masses of up to 6 × 106 M,
diameters of around 50 pc and mean densities of ∼100 hydrogen molecules per cm3. In
addition to the molecular hydrogen that forms the vast bulk of their mass, these clouds
contain atomic helium, heavier molecules, such as CO, H2O, NH3, and CH4, and also
interstellar dust (Irvine, 1999; Tennyson, 2003). Atomic and ionic hydrogen (Hi and Hii,
respectively) also exist in the ISM, but in more diffuse (and usually externally excited)
regimes.
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Within the molecular clouds, random motion (whether driven by turbulence or
magnetic fields; Crutcher et al., 2009) will lead to clumps of higher-density material. If
the clump is sufficiently cold and dense, it will begin to collapse under its own gravity,
becoming a prestellar core. As the core collapses, it will initially radiate freely, and
remain isothermal, but as its density increases, the centre of the core becomes opaque,
and thus it begins to warm (Ward-Thompson et al., 1994). This protostellar core (or
protostar) will accrete matter from its surrounding envelope (the outer layers of the
former prestellar core) until the envelope is either dispersed by radiation or completely
accreted (Larson, 1969). At this point it is not yet on the main sequence, and most of its
radiation is not due to nuclear fusion, but rather to the gravitational contraction which
slowly moves the star onto the main sequence (Hayashi, 1961).
Young stellar objects (or YSOs) can be classified according to their emission
peak, or to the shape of their spectral energy distribution (SED, describing the source’s
emission as a function of wavelength or frequency; see Section 1.3 for more details) in
the range 2.2–20µm (mid-infrared or MIR; Lada, 1987). This process is illustrated in
Figure 1.1. Class 0 (Andre´ et al., 1993) are not detectable in the above range, and peak
in the submillimetre (SMM; ∼300–1000µm); these are very young protostars (ages of up
to 105 years; Enoch et al., 2009; Evans et al., 2009), still much less massive than their
surrounding envelope. At this point, the protostar itself is not (or is only barely) visible,
and so the SED has a simple single peak. Class I have a positive slope in the MIR, and
peak in the far-infrared (FIR; ∼20–300µm); these are more evolved protostars (ages of
about 5 × 105 years; Evans et al., 2009), the masses of which are at the same order of
magnitude as their envelopes. At this point, the core is visible as a second peak to the
SED. Flat spectrum YSOs (Greene et al., 1994) peak in the MIR, and thus have a flat
slope in the given range. Class II and III have negative slopes in the MIR and peak
in the near-infrared and visible respectively; these are more evolved pre–main-sequence
(PMS) stars (T Tauris and their more massive analogues, Herbig Ae/Be stars). The ages
are around 106 years (Class II) to 107 years (Class III). The remaining dust can still be
observed in the SEDs (especially Class II), causing an excess at longer wavelengths, but
by this point, the SED is dominated by the stellar emission.
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Figure 1.1. A cartoon depicting the four main stages of star-formation, along with the
expected SEDs. Image reproduced from Andre´ (1994, Figure 8, page 189).
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1.2 High-Mass Star Formation
The sequence described in Section 1.1 is reasonably well-defined for low-mass
stars, but higher mass stars (above ∼20 M) are not so well-constrained (see, for example
Krumholz, 2015). These stars, after all, are much rarer than low-mass stars, both
inherently and due to their short life-times (and thus fast evolution), and so our ability
to study such objects is somewhat curtailed. Even where they form is less-well studied,
since larger clumps will tend to fragment into several smaller prestellar cores.
Theoretically, massive stars have also posed problems. The model of simple
collapse, which works well for smaller stars, cannot be used to describe the formation of
high-mass stars. As described in Section 1.1, prestellar cores collapse until the centre of
the core reaches a high-enough density (and thus temperature) that it begins radiating.
The radiation pressure will disperse the accreting material, giving an apparent maximum
stellar mass of about 25–40 M (Larson & Starrfield, 1971; Kahn, 1974). However, many
stars, most famously η Carinae (Kashi & Soker, 2009), and several stars from the R 136
cluster (Crowther et al., 2010) have been assigned masses above this limit, some well in
excess of 100 M, and so an alternative theory of star formation is required.
The most obvious additional effect to take into account is angular momentum.
Since any molecular cloud will have some angular momentum, the prestellar cores (of
any mass) formed upon its collapse will contain discs of material, which will accrete onto
the protostar forming at the disc’s centre. This could enable more material to accrete
onto the protostar, while allowing energy to escape as jets from the poles. Outflows such
as these have been detected, for example in the form of the Herbig-Haro objects formed
when they flow into dense material (although these are more usually detected around
lower-mass stars; Reipurth & Heathcote, 1997) or by red- and blue-shifted molecular
outflows (Bally et al., 1996). This scenario will still involve loss of prestellar material
due to the radiation pressure, but numerical simulations show that the mass accretion
is likely efficient enough to form more massive stars (Banerjee & Pudritz, 2007). This
picture also has the benefit of only requiring a single process to form high-mass and
low-mass stars, and thus the stellar initial mass function (IMF; the relation between the
inital stellar mass and the number of stars with that mass) would be likely to obey a
simple distribution.
Another proposed mechanism for high-mass star formation is through collisions
of intermediate-mass stars during their formation (Bonnell et al., 1998). This would
allow more massive stars to form without disruption from radiative pressure, but would
naturally only be viable in very densely clustered environments. This, indeed, is where
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most high-mass stars are found, and those “runaway” high-mass stars that are not in
clusters are thought to have begun their lives there (Clarke & Pringle, 1992). This
mechanism would lead to a relative sparsity of intermediate-mass stars, and would also
give the IMF a secondary component, relating only to high-mass stars. Given the small
number of stars involved, such an effect would be hard to detect.
Both of these mechanisms require large amounts of material to be collected in
a single small region of the cloud. One potential mechanism for collecting the required
mass in the correct place involves the influence of filaments. Although elongated nebular
structures had been observed as far back as 1927 (Barnard, 1927), it was not until
the launch of the Herschel Space Observatory (see Sections 1.3.1 and 1.3.2) that the
ubiquity of such structures and their role in facilitating star formation became apparent.
These filaments are generally several parsecs long, are always observed with a width of
approximately 0.1 pc, regardless of their density (Arzoumanian et al., 2011), and can
be fit well by Plummer-like profiles (Juvela et al., 2012a,b). (A Plummer profile is one
in which density, ρ, is proportional to (1 + r2)−
5
2 ; Plummer, 1911.) This suggests a
similar formation mechanism for filaments, regardless of their density. In some cases,
the filaments are associated with “hubs”, dense clumps of nebular material that exist
where filaments merge (Myers, 2009; Liu et al., 2012; Schneider et al., 2012), which
could form due to material flowing along the filaments, potentially along magnetic field
lines (Li et al., 2013). This could allow high densities to build up, potentially forming
high-mass stellar clusters.
Another mechanism of reaching the necessary density is triggered star formation.
Clusters of massive stars will, over the course of the stars’ lives, release a large amount
of energy, from the formation radiation mentioned above through to their destruction as
supernovae, forming bubbles of released material (such as Hii regions), and corresponding
shells at the shock front (Tenorio-Tagle & Bodenheimer, 1988). When the shell reaches a
dense molecular cloud, it will potentially cause a large enough density increase to cause
the cloud to begin forming massive stars, as shown in Cannon et al. (2005). In order to
cause triggering, however, the input energy must be enough to cause a region to go from
being gravitationally stable to being gravitationally unstable, suggesting that triggering
will only play a small role in almost all situations (Elmegreen, 2011). Feedback can also
have a detrimental effect on star formation, as it will eventually force the dust and gas
from the vicinity, although the effects can be mitigated in the presence of a lower-density
escape route (Dale et al., 2005; Rogers & Pittard, 2013).
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1.3 Overview of Submillimetre Dust Emission
The most plentiful species in molecular clouds is molecular hydrogen (H2). This
is, however, not easily observed in cold gas, as molecular hydrogen has no permanent
dipole moment, and thus rotational and vibrational transitions can be detected only
by quadrupole radiation, requiring much more energetic molecules (Field et al., 1966).
Instead, other methods must be used to trace the hydrogen. Several such methods are
listed in Hildebrand (1983). For example, a low-opacity cloud can cause partial extinction
of background stars in visible and near-infrared light, and from this, a hydrogen column
density can be estimated. If the cloud is optically thick, however, another method needs
to be used.
Spectral line Doppler shifts can be used to find the rotation velocities of molecular
clouds, and thus estimate the overall mass. This, however, can lead to misidentification
of unbound outflows as bound, rotating clouds; indeed, large-scale rotation of clouds is
far less likely than detection of outflows.
Molecular line intensities can be measured with respect to the hydrogen column
density in the low-opacity clouds and, with the assumption that the ratios remain ap-
proximately constant, these can be used to estimate the column density in optically
thick clouds. The lines themselves must be optically thin, which means that the most
easily-observable molecules can generally not be used. In addition, the abundances of
some molecules are dependent on the local environment, making them poor tracers of
column density. The most well known molecule used as a mass tracer is CO (carbon
monoxide; Neininger et al., 1998). This is a common molecule, which has its strongest
transitions at relatively easy-to-observe wavelengths (1→0 at 115 GHz, or 2.6 mm; 2→1
at 230 GHz, or 1.3 mm; 3→2 at 346 GHz, or 870µm; Sparke & Gallagher, 2007). Due to
the common nature of this molecule, the main CO lines become optically thick at rela-
tively low column densities, but it has many less common isotopes (e.g. 13CO, C18O, and
C17O), which behave in a near-identical manner, but do not become optically thick until
much higher column densities. One problem that affects all isotopes of CO is freeze-out
(Lee et al., 2004), in which CO molecules in cold, dense environments may freeze onto
the surfaces of dust grains, resulting in CO depletion.
Hildebrand (1983) also gives masers as a potential mass tracer. These occur when
a microwave source lies behind a molecular cloud containing certain molecular species
(most notably OH and H2O). Radiation of the correct frequency (1.665 GHz for OH)
will cause stimulated emission in the maser species, resulting in a great amplification of
the microwave signal, at that frequency. This can be used to determine the molecular
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abundance, and thus hydrogen column density. This method has the disadvantage that
it requires a background source, and so can only be applied to single points in a molecular
cloud, but it could be used to verify column densities found by another method.
A final tracer of molecular hydrogen is the interstellar dust. This emits in the far-
infrared (FIR) and SMM wavebands, but mainly absorbs at higher frequencies. Several
models exist for this dust; most assume some combination of carbon and silicon. The
most simple model (Mathis et al., 1977; Draine & Lee, 1984) assumes that the graphitic
and silicate grains are distinct, albeit existing as a mixture. A more complex model
assumes that the silicate exists as the the core of the larger dust grains, with a shell
of graphitic material around it (De´sert et al., 1990; Li & Greenberg, 1997). Smaller
dust particles would be completely graphitic. A major problem with this model is that
while the silicate feature at 9.7µm is observed to be polarised, carbonic lines, such as
the 3.4µm feature, exhibit no such polarisation (Chiar et al., 2006; Mason et al., 2007).
Another model assumes that each grain is an aggregate of several smaller particles,
silicates, and both graphitic and amorphous carbon (Mathis & Whiffen, 1989; Mathis,
1996). Again, smaller fully-graphitic particles are a necessary part of the model. This
model has been used to explain the observed low elemental abundances in the ISM
(Sofia et al., 1994), but it has been suggested that it falls short of accurate predictions
with regard to interstellar extinction (Li, 2005). Most recent models also include effects
from polycyclic aromatic hydrocarbon particles (PAH, hydrocarbons containing multiple
aromatic rings; Zubko et al., 2004; Draine & Li, 2007).
Given a few assumptions about the dust grains, the cloud’s far-infrared SED
can be used to make a reasonable estimate to the cloud’s total dust mass. Once again,
comparison with the extinction at low column densities can be used to find a ratio of gas
to dust (R). While it is possible that this ratio differs in denser regions, generally it is
assumed to be a constant one hundred, by mass (e.g., Beckwith et al., 1990). (Note that
a gas-to-dust ratio of 100 is equivalent to a dust-to-gas ratio of 0.01; these terms are both
used in the literature.) Each dust grain can be assumed to be spherical (Hildebrand,
1983), with average radius r and density ρ, and thus mass m = 4pir3ρ/3, and surface
area A = 4pir2. Consequently, a cloud of mass Mc will contain N grains, where
N =
Mc
mR
=
3Mc
4pir3ρR
(1.1)
It can be assumed that each dust grain emits as a greybody (a body that absorbs all
incident radiation, like a blackbody, but has an emissivity below 100%), with an emis-
sivity Qν , which varies with frequency ν, the monochromatic luminosity of an individual
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dust grain (at temperature T ) will be
L = ApiBν(T )Qν = 4pi2r2Bν(T )Qν (1.2)
where Bν(T ) is the Planck function. Assuming that the emission is optically thin,
then the flux received by an observer at distance D will be a simple summation of the
individual grain luminosities at that distance.
Fν =
NL
4piD2
=
κνMcBν(T )
RD2
(1.3)
where κν is the monochromatic opacity coefficient,
κν =
3Qν
4rρ
(1.4)
Note that some authors include the gas-to-dust ratio (R) in this value. Finally, the
frequency dependence can be taken out of this, giving: κν = κ0(ν/ν0)β. The value
κ0 is the (frequency-independent) dust absorption coefficient, measured at the reference
frequency ν0, and β is called the dust emissivity index. These all combine together to
give an SED of the form:
Fν =
Mcκ0
RD2
(
ν
ν0
)β
Bν(T ) (1.5)
While Fν is the observed quantity at frequency ν, in order to find Mc and T , the
other parameters must be determined. Several methods are available for determining
the distance to a molecular cloud, such as measurements of stars partially within or
associated with the cloud. As with the gas-to-dust ratio, the absorption coefficient and
emissivity index are rather harder to obtain, but observations show that the absorption
coefficient is generally between 2.4 cm2g−1 (for the diffuse ISM; Draine & Li, 2007) and
25 cm2g−1 (for cold, dense cores; Ossenkopf & Henning, 1994), giving a standard value of
10 cm2g−1 (or 1 m2kg−1; excludes the gas-to-dust ratio), usually measured at a reference
frequency of 1 THz (300µm; Beckwith et al., 1990) or 1.2 THz (250µm; Hildebrand,
1983). Meanwhile, Hildebrand gives the emissivity index as varying between 1 at short
wavelengths (∼ 100µm), and 2 at 1000µm. In this Thesis, the emissivity index is set to
2. Errors in either of these values, or indeed the gas-to-dust ratio, would lead to errors
in the final mass value, especially given that they might not be constant with respect to
wavelength. However, the convention, especially among the HOBYS and HGBS groups
(see Section 1.3.2), is to use the values given above, meaning that any results gained
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from SED-fitting by one of these groups can be directly compared with results from
another region observed by these groups.
The shape of the SED is thus defined by several factors. The cloud mass, dust
absorption coefficient, and gas-to-dust ratio only change the magnitude, linearly, and
consequently these variables cannot be disentangled from SED measurements. Temper-
ature (shown in Figure 1.2) will change the magnitude of the SED (a hotter body will
emit more power), but it will also change the peak position, so that a cooler cloud will
emit at longer wavelengths than a warmer cloud. Altering the dust emissivity index
(shown in Figure 1.3), however, will change the SED shape. Since the emissivity index
is essentially a measurement of the SED slope at the reference frequency ν0, high values
will result in a sharper peak to the SED, while lower values give a flatter appearance.
Figure 1.2. Variation of dust SED with temperature. The temperatures (lowest to
highest SED) are 10, 20, and 30 K, with an emissivity index of 2. The plot shows a 1 M
object at a distance of 1 kpc.
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Figure 1.3. The changes of the SED with dust emissivity index. Again, the plot shows
a 1 M object at a distance of 1 kpc, here at 20 K. The red SED has β = 2, the green
has β = 1, and the black SED uses the Hildebrand emissivity index, which varies from
1 at short wavelengths up to 2 at long wavelengths.
1.3.1 The Herschel Space Observatory
The Herschel Space Observatory (Pilbratt et al., 2010) was launched in May
2009 to study far-infrared emission, with its four main science goals being the study of
the formation and evolution of galaxies during the epochs of greatest star-formation; the
study of star (and planet) formation from the interstellar medium, together with feedback
effects; the study of the chemistry and physics of the interstellar medium; spectroscopic
and photometric studies of solar system objects (Doyle et al., 2009). The observatory
consisted of a single 3.5 m dish (“A” in Figure 1.4), passively cooled to ∼85 K, which
focusses collected light onto the detectors of three science instruments (described later),
which were housed inside a cryostat also containing a tank of liquid helium (“B”). Both
mirror and cryostat were protected by a solar shield (“C”), and a thermally separated
service module (“D”) contained the electronics necessary to control the observatory and
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to relay the data back to Earth.
Figure 1.4. The Herschel Space Observatory (left) and the Herschel cryostat. The
labels are referenced in the text. Image reproduced from Pilbratt et al. (2010, Figure 1,
page 2).
The Heterodyne Instrument for the Far-Infrared (HIFI; De Graauw et al., 2010,
“X” in Figure 1.4) was one of the instruments on Herschel . The instrument consisted
of seven separate heterodyne receivers, covering between them the frequency ranges
480–1250 GHz and 1410–1910 GHz (625–240µm and 213–157µm). Heterodyne receivers
amplify detected signals by mixing them with a strong reference frequency (from a local
oscillator), resulting in an output signal at the difference of the two frequencies, and with
an amplitude proportional to that of the reference signal, making detection significantly
easier. The seven receivers could be used to independently view different frequency
bands, in two polarisations, with resolutions between 0.14 and 1.1 MHz.
The Photodetector Array Camera and Spectrometer (PACS; Poglitsch et al.,
2010; PACS Observer’s Manual, “Y” in Figure 1.4) was the second instrument on board
Herschel . Unlike HIFI, it contained both a spectrometer, with a range of 55–210µm
(5450–1430 GHz), and a photometer. The photometer contained three separate detector
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arrays: “red”, with a waveband of 130–210µm and a reference wavelength of 160µm;
“green”, with a waveband of 85–130µm and a reference wavelength of 100µm; and
“blue”, with a waveband of 60–85µm and a reference wavelength of 70µm. The beam
point spread functions (PSF; the shape a point source would appear if viewed by the
instrument) could be characterised by a narrow 2D Gaussian, although secondary effects,
including rings, spokes, and most noticeably a triangular pattern around the main peak,
contributed to a few percent of the total (PACS photometer point spread function). The
full width at half maximum of the Gaussian part of the PSF (beam width) would depend
on the speed at which the telescope was scanning the sky (a faster scan mode would
result in a greater beam width), with mean values as follows: 11.2–13.5′′ (red), 6.7–9.4′′
(green) and 5.4–8.5′′ (blue). The instantaneous field-of-view for the PACS photometer
was 3.5′× 1.75′. Due to the design of the instrument, the red waveband could be viewed
with either of the other two, but the green and blue wavebands could not be used
simultaneously.
The third Herschel instrument was the Spectral and Photometric Imaging RE-
ceiver (SPIRE; Griffin et al., 2010, 2013; Bendo et al., 2013; SPIRE Handbook, “Z” in
Figure 1.4). As with PACS, it consisted of a spectrometer, which could simultaneously
view the entire frequency range between 194µm and 671µm (1550–447 GHz), and a
photometer. Again, the photometer contained three separate detector arrays, now cen-
tred around the reference wavelengths 250µm, 350µm, and 500µm. The bandwidths
of all three wavebands were approximately one third of the reference wavelength, and
the instantaneous SPIRE photometer field-of-view was 8′ × 4′. The individual beam
widths were independent of the scan speed, and are given by SPIRE Handbook as:
18.1′′ (250µm), 24.9′′ (350µm), and 36.4′′ (500µm). Unlike PACS, SPIRE was capable
of observing using all three wavebands at once.
Both of the photometers (PACS and SPIRE) used bolometric detector arrays.
A bolometric array is constructed of many elements, each designed to absorb incident
radiation, thus increasing its own temperature. The temperature change is measured
by a resistive thermometer. An attached thermal reservoir cools the element to the
system’s base temperature (for best sensitivity, this is as low as possible, in Herschel ’s
case ∼0.3 K). Both PACS and SPIRE were cooled to this temperature by internal liquid
helium coolers. The bolometer measurements are output as a timeline, an array of values
of the voltage across the bolometer against time, which can be calibrated in terms of
flux density using observations of standard sources.
The photometers of both PACS and SPIRE could be used simultaneously, (re-
ferred to as “parallel scanning mode”), giving images at five separate wavelengths:
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500µm, 350µm, 250µm, 160µm, and either 70µm or 100µm. Such scans were carried
out either at 20′′/s (slow mode, which caused no loss of quality compared to single-
instrument scanning) or at 60′′/s (fast mode, which caused minor quality loss) (SPIRE
PACS Parallel Mode Observers’ Manual). In most cases, in order to reduce noise and
increase coverage of the region, it would be scanned twice, with two separate scanning
directions: “nominal”, at +42.4◦, and “orthogonal”, at −42.4◦, both measured from the
direction of the PACS field-of-view, relative to that of SPIRE. In order to optimise PACS
coverage, the step sizes between each scan leg were 168′′ and 155′′. As this was less than
half the standard SPIRE step size (348′′), the resulting SPIRE sensitivity was much
greater than for a SPIRE-only scan. As the detectors did not lie on the same positions
on the telescope focal plane, the instruments’ fields-of-view have a 21′ separation (see
Figure 1.5).
Figure 1.5. The overlap between the SPIRE (green) and PACS (pink) parallel fields-
of-view, with both nominal and orthogonal scan directions indicated. Image reproduced
from SPIRE PACS Parallel Mode Observers’ Manual, Figure 2.5, page 10.
The Herschel observations can be processed by the Herschel Interactive Pro-
cessing Environment (HIPE; part of the Herschel Data Processing System; Ott, 2010),
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a Jython (Java-platform Python) environment which allows for simple access to and
manipulation of data. The SPIRE data is processed by the HIPE Destriper, which com-
pensates for individual bolometer offsets, and the Naive Scan Mapper, which simply
averages all bolometer timelines at any particular pixel. The PACS data can be reduced
using JScanamorphos, a HIPE pipeline that uses a Jython version of the Scanamorphos
routine (Roussel, 2013), which uses observational redundancy to remove low-frequency
noise, without assuming any noise model. A more detailed description of the analysis of
Herschel data will be given in Chapter 2.
1.3.2 HOBYS and HGBS
Two Herschel guaranteed time key programs are the Herschel Gould Belt Survey
(HGBS; Andre´ et al., 2010) and the Herschel imaging survey of OB Young Stellar
objects (HOBYS; Motte et al., 2010). Both surveys used the PACS and SPIRE cameras
(see Subsection 1.3.1) in parallel to observe galactic regions of star-formation at five
wavelengths between 70 and 500µm. As a star-forming molecular cloud will generally
have a temperature of about 20 K, its SED will peak at about 100µm, and so the five
Herschel bands will span the peak, constraining its shape.
HGBS observed the Gould Belt (see Figure 1.6), a giant ring of molecular clouds
located 100–500 pc away from the Sun, containing such molecular clouds as: Orion A
(Roy et al., 2013; Polychroni et al., 2013); Orion B (Schneider et al., 2013); the Taurus
molecular cloud (Kirk et al., 2013; Palmeirim et al., 2013); and the Pipe Nebula (Peretto
et al., 2012). The earliest HGBS results came from the Aquila Rift (Bontemps et al.,
2010; Ko¨nyves et al., 2010), and the Polaris Flare (Ward-Thompson et al., 2010), two
very different regions. While Polaris is generally a low-density region, containing only
about five dense cores potentially capable of low-mass star-formation, Aquila is rather
denser, with significant portions of the region posessing a NH2 column density (the
number of H2 molecules per unit area) exceeding 1022 cm−2, and containing at least
three hundred likely prestellar cores. Note that while 2-dimensional column density
is not directly analogous to 3-dimensional number density, an equivalence will exist
Despite their differences, the two regions show a surprising degree of similarity, especially
with regard to the filamentary structures found throughout the regions. Even more
surprisingly, there seems to be no scale difference between the filaments from either
region; despite the fact that Aquila is a denser cloud almost twice as far from the Sun as
Polaris (260 pc as opposed to 150 pc), both regions’ filaments were found to be 9000 AU
(0.05 pc) across (Men’shchikov et al., 2010), which fits with what was seen in other
1.3. Overview of Submillimetre Dust Emission 17
regions (described in more detail in Section 1.2; Arzoumanian et al., 2011).
Figure 1.6. The Gould Belt, projected onto the Galactic plane (image reproduced
from Perrot & Grenier, 2003, Figure 5, page 525). The arrow (GC) at the base shows
the direction of the Galactic centre. The thick circles represent OB associations and
the shaded circles are molecular clouds. The ellipse shows the approximate shape and
motion of the belt.
HOBYS, meanwhile, observed more massive regions of star formation, generally
much farther from the Sun. These include the Eagle nebula (M16; Hill et al., 2012b) and
the Rosette molecular cloud (Schneider et al., 2010; Hennemann et al., 2010; Di Francesco
et al., 2010), both regions with large, hot (high 70µm emission) cavities around asso-
ciated young clusters. These cavities are due to the expansion of Hii regions output
from the clusters, and the surrounding molecular clouds are thus potential regions of
triggered star-formation (see Section 1.2). The HOBYS results, however, due to tem-
perature gradients measured on dust temperature maps (see Section 2.4.4) suggest that
only the closest regions to the cluster (up to ∼10 pc in M16) experience triggered star
formation, while the other clouds in the vicinity are undergoing spontaneous star forma-
tion. Consequently, while triggering does play a small role in large-scale star formation,
it is not vital. Once again, however, there are a large number of filamentary structures
in both regions, often continuing well into the Hii regions, and generally associated with
regions of star formation.
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Additionally, observations of the regions Vela C (Hill et al., 2011, 2012a), NGC 7538
(Fallscheer et al., 2013) and DR 21 (part of Cygnus X; Hennemann et al., 2012) show
very dense (with a column density above 1023 NH2 cm
−2; DR 21 even reaches 1024 cm−2)
filamentary structures (termed ridges), usually at the focus of several other, less dense
filaments. Despite their high densities, these ridges have widths of around 0.05–0.1 pc,
about the same as those from the much lower density HGBS regions. These three ridges,
and others like them, are believed to be formed by flows from connecting filaments, and
could collect enough material to allow the formation of clusters of massive stars (see Sec-
tion 1.2). After the stars form, the ridges are likely to be destroyed by stellar feedback,
which appears to be beginning to occur in all three regions.
Other HOBYS regions include: NGC 6334 (Russeil et al., 2013), another high-
density filamentary ridge; the Westerhout (1958) objects W 3 (Rivera-Ingraham et al.,
2013), W 5E (Deharveng et al., 2012), W 43 (Nguyễn Lương et al., 2013), and W 48
(Nguyễn Lương et al., 2011); RCW 120 (Anderson et al., 2010; Zavagno et al., 2010), a
1.2 pc wide bubble Hii region that does appear to be experiencing triggered star forma-
tion at its edges; and the regions Monoceros R2 and Monoceros OB1 (the latter being
formed of the regions NGC 2264 and Monoceros R1), which will be described in more
detail in Chapters 3–5. In addition, they will be given a more thorough comparison with
other HOBYS regions in Section 6.5.
1.4 Overview of Thesis
This thesis will look at the Herschel (and where available, other FIR and sub-
millimetre) observations of the high-mass galactic star-forming regions Mon R2 and
Mon OB1 (the latter being composed of the regions NGC 2264 and Mon R1), using
techniques common to the analysis of other Herschel (specifically HOBYS) regions,
attempting to identify whether such clouds form two separate populations of YSOs,
depending on the location of the core with regard to filaments and filamentary hubs.
Chapter 2 will give a description of the analysis techniques used on the Herschel data,
including data reduction, source detection, and catalogue creation. Chapter 3 will look
in more detail at the region Mon R2, while Chapters 4 and 5 will do likewise for the
regions NGC 2264 and Mon R1 respectively. Chapter 6 will compare and contrast the
three regions, leading to the conclusions in Chapter 7.
Chapter 2
Herschel Data Reduction
Techniques
2.1 Introduction
Herschel (see Section 1.3.1) does not produce images itself, and nor does it
analyse those images to identify or characterise sources, all of which must be performed
by the user. This Chapter looks at the techniques used in this thesis to reduce and
analyse the Herschel data. Section 2.2 looks at the HIPE program, used to reduce the
raw data into maps, with a subsection devoted to super-resolution techniques (especially
HiRes). Section 2.3 looks at source-finding techniques, including getsources, and the
process of forming a catalogue from its output. Section 2.4.2 discusses SED fitting,
either for an individual source or for an entire map (to form the column density map).
Unless otherwise noted, any examples given are taken from the region Mono-
ceros R2 (which is described in Chapter 3).
2.2 The Herschel Interactive Processing
Environment
HIPE (the Herschel Interactive Processing Environment; Ott, 2010) and the
associated HDPS (Herschel Data Processing System) software were developed by the
instrument teams and the ESA Hershel Science Centre to allow easy reduction of Herschel
data. The central routines are coded in Java, while the HIPE interface is in the more
user-friendly Jython. The HDPS provides all tools necessary to reduce the input detector
timelines into images. To reduce the Mon R2 data, only two routines are necessary: the
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SPIRE Photometer Interactive Analysis (SPIA) pipeline; and the PACS JScanamorphos
Pipeline.
The observations received from Herschel are a set of bolometer timelines (termed
“Level 0” data); these are essentially just a list of the voltages across each bolometer
at any time. Each voltage is related to the temperature of the bolometer, which is
itself related to the power incident upon the bolometer (see Section 1.3.1). To turn the
bolometer voltages into flux measurements will require knowledge of exactly how the
bolometers respond to the radiation incident on the telescope, which can be determined
with observations of known sources, for example Neptune for SPIRE (Bendo et al., 2013;
Griffin et al., 2013) and a small number of standard stars, including Arcturus (αBoo¨tis),
for PACS (PACS Observer’s Manual). These are used to define calibration products,
which are loaded into HIPE to allow for the calibration of the timelines.
The SPIA pipeline (Schulz, 2011) was constructed as a simple yet flexible pipeline
for processing SPIRE observations. As with all SPIRE pipelines, SPIA begins by con-
verting the raw Level 0 data into “Level 1” data. This involves both converting the
bolometer output into flux density units, masking glitches and also associating each
measurement with a sky position. To turn this data into a 2d image (“Level 2” data),
more steps must be taken. First, an average baseline may be subtracted from each
bolometer scan, as the offset of each bolometer is essentially arbitrary and is not cor-
rected by the calibration. Next, the SPIRE Destriper is run. This iteratively alters the
offset applied to each bolometer scan to minimise the overall χ2 value of the final map.
Here, χ2 is defined as:
χ2 =
∑
(Tex − Tin + o)2 (2.1)
where Tex is the expected timeline, calculated from an initial map; Tin is the input
timeline; o is the offset, which can be polynomial, but is constant over each timeline by
default; summed over all timelines. Finally, the Naive Scan Mapper is used to combine
the scans into the final map. This simply overlays all timelines and finds the total flux
density at each point. The normal and orthogonal scans can be input to the Level
2 SPIA pipeline together, to create the overall image. This pipeline works on all three
SPIRE wavelengths simultaneously, and produces two copies of the maps, one calibrated
for point sources, the other for more extended structure.
JScanamorphos is a Jython port of the Scanamorphos routine (Roussel, 2013).
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Similar to the SPIRE pipelines, it does not assume any noise model, but instead uses re-
dundancy present in the original scans. Note that unlike the SPIA pipeline, JScanamor-
phos runs on Level 1 data (that is, data that has already been converted from bolometer
output to flux units). It begins by calculating sky coordinates for every pixel in the data,
and masking glitches. The scans are then copied and combined to create a source mask,
which is then combined with the original scans to allow for a more accurate baseline
subtraction. As with the SPIA pipeline, a destriper is now run, and finally the normal
and orthogonal scans are joined together. Note that the projection used by Scanamor-
phos to map the timelines to the map is more sophisticated than the nearest-neighbour
approach used by the Naive mapper. A Herschel workshop (Ko¨nyves & Papageorgiou,
2013) determined that, for SPIRE bands, while Scanamorphos (assuming no relative
gains) gives a closer fit than the Destriper pipeline, it will generally introduce greater
scatter to the final map. A third technique, SANEPIC (Signal And Noise Estima-
tion Procedure Including Correlations, a maximum-likelihood method; Patanchon et al.,
2008), was found to be slightly better than either for low dynamic ranges, but much
worse for high dynamic ranges.
2.2.1 Super Resolution Techniques
Due to the change in wavelength between 70µm and 500µm, there is a corre-
sponding change in the FWHM (full width at half maximum) of the PSF (or beam
profile). The beam width at 500µm is 36.4′′ (SPIRE Handbook), while that at 70µm
is only 5.6′′ (at a scanning speed of 20′′/s; PACS Observer’s Manual), approximately
one sixth of the value. Consequently, in order to fully sample the PACS observations,
the Herschel parallel mode greatly oversampled the SPIRE observations. Despite this,
normal mapmaking techniques such as the SPIA pipeline (previous Subsection) cannot
produce a map with a higher resolution than that defined by the PSF.
With a high signal-to-noise ratio, however, resolution better than the FWHM can
be achieved using “super-resolution” techniques (e.g., Orieux et al., 2012). As the data
timelines will depend not only on the actual observed sky, but also on the instrument
taking the measurements, an inverse problem approach (Idier, 2010) can be used to
calculate a more accurate map. This requires both a highly-descriptive model of the
instrument and its data-acquisition process, and the inversion method to be used. The
model will be of the form:
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ynlm =
∫∫
hk(λ)
∫∫
X (α− pα(t), β − pβ(t), λ)
× ho(α− αlm, β − βlm, λ) dαdβ hb(nTs − t) dλdt (2.2)
where ynlm is the signal of the bolometer at position (l,m) and timeline position n; hk(λ)
is the transmission for wavelength λ in waveband k (where k is 250µm, 350µm, or
500µm); X (α− pα(t), β − pβ(t), λ) is the true sky at position (α− pα(t),β − pβ(t)) and
wavelength λ; α and β are the central position of the observation, and the pointing
functions pα,β(t) = vα,βt+ cα,β are the offsets from this at time t for a scanning velocity
(vα,vβ); ho(α−αlm, β− βlm, λ) is the PSF for the instrument at position (α− pα(t),β−
pβ(t)) and wavelength λ; hb(nTs − t) is the bolometer response at that time (Ts is the
sampling time, which relates the true time, t to the timeline position n by: t = nTs). To
find X , the true sky, a data inversion method is used to solve the equation:
z = HX + o+ n = Hx+ o+ n (2.3)
where z is the measured data; H and H represent the model, either for the whole sky,
X , or its matrix coefficients, x; o and n are the offset and Gaussian noise, respectively.
Although this cannot be calculated explicitely, an iterative solution can be found. Gen-
erally, such techniques can only be used when the signal to noise is sufficiently high.
One such super-resolution technique is HiRes, part of HIPE since version 12. This
is based on the Maximum Correlation Method (MCM; Aumann et al., 1990), a technique
developed initially for IRAS data. This routine essentially creates the smoothest image
consistent with the observed data, given the detector response functions, which can
increase the resolution by a factor of two. A HiRes image of the central hub of Mon R2
(see Chapter 3) at 250µm is shown in Figure 2.1, along with the same area reduced by the
standard SPIA pipeline. The resolution has improved from 18.1′′ (standard pipeline) to
∼9′′ (HiRes). While HiRes and similar techniques are effective in regions of high signal-
to-noise, such as the Mon R2 central hub, they work less well in lower signal-to-noise
regions; for this reason, only the standard reduction was used.
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Figure 2.1. The Mon R2 central region as viewed by SPIRE 250µm and reduced by
HiRes (left) and the SPIA pipeline (right). As can be seen, the resolution in HiRes is
approximately 9′′, twice as good as that of the standard 250µm image (18.1′′). Note
that unless otherwise specified, hereinafter all images of the Mon R2 central (or hub, see
Chapter 3) region will be this exact area (500′′ ×500′′; centred on the J2000 coordinate
6h07m46.01s −6◦23′32.9′′).
2.3 Sourcefinding Routines
2.3.1 getsources
There are many different routines for finding sources in maps of astronomical
data. These range from simple peak-detection to far more sopisticated programs (see
Section 2.3.2 for examples). The getsources routine (version 1.140127; Men’shchikov et
al., 2012; Men’shchikov, 2013) is one of the latter. The program works on multiple maps
simultaneously, tracing sources across all wavebands.
The getsources method of operation is somewhat complicated and computation-
ally intensive, involving four separate runs over each map, two on each wavelength
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separately (monochromatic), and two at all available wavelengths (combined). These
are split into an “initial extraction” and a “final extraction”, each of which is formed
of an entire set of monochromatic runs and a single combined run. As an overview, the
main parts of a getsources run are: decomposition, in which the images are split into
their individual spatial scales; cleaning, in which background noise and filaments are re-
moved; combining, in which the scale maps for each wavelength are combined; detection,
in which the sources are detected in the cleaned, combined images; and measuring, in
which the properties (fluxes, sizes, etc.) of the sources detected are measured. In ad-
dition, the “final extraction” will begin by flattening the images, removing background
by masking the previously-detected sources. A flow chart showing the basic structure
of the routine is given in Figure 2.2, and each stage of the routine is described in the
following subsections.
Input Parameters
Although technically getsources has many input parameters, these are mainly either
logistical (e.g. filenames, wavelengths), concerned with how much output getsources
gives, or too technical to be useful to the everyday user (such as parameters defining
the maximum skewness or kurtosis allowed in single scale cleaning). The small number
of input parameters that a user might find it necessary to change (most of which are
concerned with which sources are admitted to the catalogue) are described here. Ξten
is the significance level (roughly equivalent to signal-to-noise; explained fully later) to
which sources must be detected in order to be counted as a “tentative” source (the
default values is 5σ). A second significance level (Ξrel or “reliable”; default 7σ) also
exists, but for the purposes of this Thesis, will not be treated separately. ndet is the
number of wavelengths a source must be detected in to be counted on the catalogue (the
default is 2, with a recommended maximum of 3). Each wavelength has a parameter
defining the maximum source size allowed in the extraction; this defaults to 220′′ . Other
changeable parameters include the signal-to-noise values (intensity and flux density)
needed for a source to be placed on the footprint map and the parameter that controls
convergence of the footprint map. For this thesis, only one single change was made to the
default parameters; the maximum source sizes for wavelengths below 100µm (Herschel
70µm and either MIPS 24µm or WISE 22µm) was reduced to 15′′, since large scale hot
structures are unlikely to be star-forming regions. Note that certain values used in the
routine, including the default values for the above parameters, have been empirically
determined to give the best possible extraction.
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Figure 2.2. A diagram illustrating the basic getsources program structure. The run
names are given in red; a subscript ν means that the program is run on each wavelength
separately, while a subscript c means that the program runs on all wavelengths at once.
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Preparation
Even before the getsources run begins, the maps must be correctly prepared using the
prepareobs routine (packaged with getsources). This process converts the native units of
the input maps to MJy/sr (megajansky per steradian, where a jansky is a unit of flux
density equivalent to 10−26 J s−1 m−2 Hz−1; MJy/sr measures monochromatic intensity,
or flux density per unit solid angle). In addition, the routine regrids the maps to the
finest pixel size (strictly, the user could specify a different pixel size, but this is not
recommended, as it will either be too fine, requiring much greater computing power
for no actual benefit, or too coarse, losing the benefit of running getsources on the
more resolved maps). A “detection” image is created by smoothing the regridded map
by one third of the width of the wavelength’s observational beam; this will be used
to detect the sources, while measurements will only be made from the original maps.
Using the notation defined in Men’shchikov et al. (2012), these two images are called
IO (observation image) and ID (detection image), where ID = IO ∗ G, in which G is the
Gaussian used for smoothing, and ∗ represents convolution. In addition, observational
masks,M, are prepared. These are used to define which parts of the maps are the region
of interest (for all regions in this thesis, this was the area covered by both PACS and
SPIRE).
Decomposition
Each detection image is first decomposed into about a hundred individual spatial scales.
This is achieved by convolving the image with successively wider Gaussians, and sub-
tracting each successive smoothed image from the last, so that the first scale map is
given by:
I1 = ID − G ∗ ID (2.4)
where G is the smoothing Gaussian. Larger scale maps are formed using the smoothed
map (G ∗ ID) in place of the detection map, and a slightly larger Gaussian. The exact
scales used will vary, with the smallest scale being one third of the smallest beam size
or twice the pixel size, whichever is larger (in Mon R2, this was 2.6′′). The largest
is of a similar scale to the image itself, although in the final run this may be lowered
to three times the size of the largest source or filament detected in the initial run,
giving the routine better resolution at the most important sizes (in Mon R2, the largest
scale used was ∼4000′′). The default number of scales used is 99; although the exact
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value was chosen for convenience, the order of magnitude does provide the best possible
decomposition (too few scales would cause poor scale sensitivity, essentially crippling one
of getsources’s main benefits, while too many could result in poor detections due to low
fluxes, and would certainly increase the routine’s run time and memory consumption).
Four of the 250µm Mon R2 scale maps are shown in Figure 2.3, with scales ranging
between 2.6′′ and 102.3′′. The sum of all scale maps will be the initial detection map:
ID =
∑
Ij + G ∗ ID (2.5)
where G is the largest Gaussian used.
Cleaning
The scale maps must now be cleaned, removing both noise and filaments (the latter are
saved to several other images). This is performed on each scale map separately, starting
with the smallest. The noise cleaning begins by finding the standard deviation over the
map, σj . A noise threshold, njσj , is defined, where nj is set to 6 at the lowest scale, but
can be reduced slightly at larger scales, depending on the image skewness and kurtosis.
The initial value of nj was chosen to give the optimal amount of cleaning; if it is too
high, it will remove potential sources, while if it is too low, it will leave noise in the
maps. Everything above this threshold is masked out and a new value of σj is found.
From this, a new noise threshold is found, and hence a new mask; this process is iterated
until a stable value of σj is found. Any pixel with a value below the final noise threshold
is set to zero.
In addition to the basic cleaning, this phase also detects and removes filaments
from the map. The scale decomposition process means that objects will generally be
found only on scale maps with a similar scale to the object’s size (extended objects at
large scales; point sources at small scales). A filament, however, will appear at scales
associated with its width, rather than its length, and thus will be much larger than
any true sources detected at these scales. Filaments are detected as large regions of
connected pixels above σj (smaller than the noise threshold defined above, as filaments
are not so easily confused with noise peaks), as long as they contain more than Nmin
pixels. For scales of the same order as the beam size or smaller, this is approximately
given by 100f˜ (1.2×O)2; for scales above the beam size by 100f˜ S2, where O and S are
the beam size and scale size respectively. The scaling factor f˜ depends on the shape
of the filament, such that while a circle with no interior structure will have a f˜ value
of over 100, a long thin filament with much structure could have a value much below
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1. The filaments are extracted from the scale maps and reconstructed across the scales.
Figure 2.4 shows the filaments detected on the high-resolution column density map (see
Section 2.4.4), summed over the scales up to 72′′ (0.28 pc). This is likely the best
single representation of the Mon R2 filaments, as detected by getsources, with filaments
covering 11.6% of the region. This scale range was chosen since it shows the best extent
of filamentary material; limiting the map to smaller scales can cause filaments to be
missed, while including larger scales merely thickens existing filament. This scale range
chosen also fits well with the observed filament width, 0.1 pc (Arzoumanian et al., 2011),
when convolved with SPIRE resolutions of 18.1′′– 36.4′′.
Combination
At this point in the combined-wavelength runs (although not the monochromatic runs),
the separate scale maps from the different wavelengths are combined, creating wavelength-
independent scale maps. Since the spatial scales have been separated, the differing res-
olutions of the different wavelengths will not cause a problem. However, there will not
be much useful data from scales below one third of the wavelength’s beam size, and
so these scales are not included. Normalisation is used to ensure that no sources from
weaker wavelengths are lost, since these maps are used only for detection, the spectral
behaviour of the source is not important. Two combined maps are made: the first
maximises sensitivity to allow for better detections; the second enhances resolution to
allow for better measurements of source position and size. Note that if a column density
map (Section 2.4.4) is included in the list of maps, it will be included in the combined
maps. Once again, this is not a problem, since the combined maps are only used for
detections, and the column density map will not affect the position measurements unless
it is the most resolved map used. In addition, the wavelength-dependent filament maps
and source mask images are also combined.
Source Detection
The next step is the detection of sources in the images. The basic detection is quite
simple: the program will cycle through the cleaned scale maps (monochromatic or com-
bined, depending on the run), from smallest to largest, and will look for any positive
pixels. As noise has already been removed, any positive pixels (especially at small scales)
should come from real sources. To detect the sources, the routine splits each scale im-
age into multiple intensity levels, between the noise threshold, njσj , and the maximum.
Detected sources are numbered, and their pixels are added to the segmentation mask
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image (IS) for that scale. These sources accumulate over the image scales, although
they can be removed from the mask image, or merged with nearby sources, depending
on the amount of flux present. Sources in crowded areas are considered distinct from
one another if the source’s “contrast” (defined as the ratio of the source’s maximum
intensity to the intensity at which it first touches another potential source) is greater
than a minimum contrast level. This value is minimised to 1.35, but can increase based
on the potential source’s elongation and the relative amounts of flux above and below
the intensity level at which the sources meet. For each source, a footprint scale is found.
This is the scale at which the source is brightest; the decomposition process ensures that
this will be a good estimate for the source size. The footprint itself will be determined
in the Measurement phase; the major and minor axes will be determined so that the
footprint scale is their geometric mean.
Measurement
To measure the source properties over all scales, getsources returns to the original “obser-
vation” images (IO). Filaments detected and measured in earlier steps are now removed
from the initial image, creating the filament-subtracted observation images. The source
footprints are used to remove sources from A background map is estimated by interpo-
lating over a copy of the map with all pixels within a source footprint removed, resulting
in a “clean background” map (ICB). This is also removed from the filament-subtracted
image to create the background-subtracted image (IBS). The background-subtracted
image is shown in Figure 2.5. Overlapping sources are deblended and peak intensities
(FP; the value at the peak, in Jy/beam) and total flux densities (FT; the integral over the
whole source, in Jy) are measured. The deblending method assumes a two-dimensional
analogue of the source profile given by Moffat (1969):
IM(x, y) = FP (1 + aM(x, y))
−10 (2.6)
where IM is the intensity at position (x, y); and aM(x, y) is a parameter that relates the
position to the elliptical shape of the source. The power-law exponent is set to −10, since
this gives the profile stronger, and more realistic, wings than a Gaussian. As the peak
intensity and FWHM shape both rely on the pixels being fully deblended, the routine
iterates to find the best fit. The fit is then used to find the proportion of each pixel’s
flux to assign to each source. The uncertainty on the peak measurement (σP) is the
standard deviation of the pixels in an elliptical ring around the source footprint, and the
uncertainly on the total measurement is equal to this value scaled by S/2.3O, where S
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is the source footprint scale (the geometric mean of the major and minor axes), O is the
observational beam size, and the value 2.3 was determined empirically.
It must be noted that these uncertainties are only on the flux values; the source
detections themselves are generally more robust. This difference can be seen with Ω, the
standard measurement signal-to-noise ratio (= FP/σP), and Ξ, the detection significance,
which is defined as the signal-to-noise ratio for the source at the footprint scale (the noise
at this scale is the value σj , determined during the cleaning phase). For an isolated source
in a uniform background, these two values will be approximately equal, but Ω is far more
susceptible to reduction due to clustered environments or heavy background.
In order for a source to be counted, its detection significance must be greater than
the “tentative” significance level mentioned earlier (Ξten; default 5). Those sources which
do not have the necessary significance are removed from the catalogue. In addition, a
“goodness” parameter G is defined, which depends on Ω, Ξ, and the source elongation
at the footprint scale. This gives a value between 0 and 9.99, and if G is below 0.01, the
source is again removed. Finally, if two sources overlap completely (if their positions are
within 1/3 of the beam size of one another, and their sizes are within a factor of two),
then the source with the lower ΞΩ is removed. Using the new source sizes and angles,
new footprints are calculated. If the total area of all footprints has changed by less than
0.1%, then the measurement section of the routine ends; otherwise it iterates with the
new footprints.
The sources are catalogued, and the following source properties are recorded:
the source number; the source position, in pixel units and Right Ascension and Decli-
nation; the global significance (the sum in quadrature of all the individual wavelength
significance values); a flag for overlapping sources; and the source goodness. In addi-
tion, the following properties are recorded for the source at each wavelength: Ξ, the
monochromatic significance; a flag for sources which are too large, unmeasurable or of
low significance at this wavelength; FP and σP, the peak spectral intensity and its uncer-
tainty (in Jy/beam); FT and σT, the total flux density and its uncertainty (in Jy); A, B,
and Θ, the major and minor axes (in arcseconds) and the axis orientation (in degrees).
Flattening
The final monochromatic runs begin by “flattening” the images. This is necessary due
to the high-variability of the backgrounds in the Herschel images (potentially varying
by orders of magnitude across large images), which is present to such an extent that
even the spatial decomposition technique cannot completely compensate for it. The
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inital extraction is used to detect the sources and filaments as well as possible; these are
needed for the flattening process. Firstly, the filaments are removed from each individual
detection map to create the filament-subtracted maps (IFS). Next, the source footprints
defined in the previous section are used to mask out and remove the sources, creating
clean background images. These are used to define standard deviation images, D, which
is used find the flattened image:
IDF = IFSGA ∗ D (2.7)
where GA is a smoothing Gaussian, three times larger than the largest source detected in
the inital extraction. Only the detection image is flattened in this way; the measurement
image is unchanged. Otherwise, the routine continues almost identically to the initial
run.
Advantages and Disadvantages
The main disadvantage of this routine is its sheer complexity and computing time,
especially when compared to more conventional source-finding routines (some of which
are described below). Runs involving large maps with high pixel resolution at many
wavelengths can take weeks to run, and as each of the scale maps will be the size of
the largest input image, such runs can end up using several GB of disk space. There
are, however, several advantages to getsources over the other routines. The spatial
filtering technique significantly improves detections in crowded regions, and allows for
better detections of both compact and extended sources. The routine uses all available
wavelengths simultaneously, allowing for sources to be detected across the wavelengths,
and also giving better resolution to sources at longer wavelengths. Sources can also
be detected in only a single image, and then measured across many. The background-
subtraction gives even more robust detections of sources than the spatial filtering alone.
Extensive testing against other sourcefinders (as described in the next subsection) has
shown getsources to be one of the best overall, and for this reason the SPIRE SAG-3
team (comprising the HOBYS and HGBS survey groups) use getsources as the standard
extraction technique. In addition, the process is almost completely automated. The
user is only ever asked to start the various runs, and while the routine does accept
some user-defined “input” parameters (described above), it works best with the default
configurations. Naturally, the user is still required to interpret the output themselves.
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Figure 2.3. Four Mon R2 250µm spatial scale images output from getsources, con-
centrated upon the region’s “central hub” (see Chapter 3; the exact area shown is the
same as for Figure 2.1). The beams used for scaling are 2.6′′ (the smallest scale used),
17.8′′ (approximately the 250µm resolution), 35.8′′, and 102.3′′.The images are all 500′′
(∼ 2 pc) across.
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Figure 2.4. The Mon R2 filaments as detected by getsources. These were the filaments
detected on scales up to 72′′ (corresponding to a size of 0.28 pc), on the column density
map.
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Figure 2.5. The 250µm image with background and filaments removed (IλOBS),
showing all the sources detectable at this wavelength.
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2.3.2 Other Sourcefinding Routines
There are many other sourcefinding routines in existence. One of the earliest such
routines was GAUSSCLUMPS (Stutzki & Gu¨sten, 1990; Kramer et al., 1998). Although
this itself was designed for velocity-position data, and is thus not truly comparable with
getsources, a modified version, MRE-GCL Motte et al. (2003, 2007), was designed for
use with continuum maps. The routine first removes the largest scales, leaving only the
scales smaller than about a parsec (although this will depend on the user’s preferences),
before beginning source detection. It identifies the brightest peak on the map, and fits
a 2-d Gaussian to it, by minimising the χ2 over multiple separate variables, including
position and shape. The χ2 value is heavily biased against fits with maxima higher than
the observed values. The Gaussian fit is subtracted from the image and the process
is repeated until no significant peaks remain. This is applied twice; as with getsources
(see previous subsection), the first run is to detect compact sources (a maximum size is
enforced to the detections), while the second is to provide more accurate measurements
of the previously detected sources.
Source Extractor (SExtractor; Bertin & Arnouts, 1996) was designed to deal
with large amounts of data quickly, and without human intervention. First, the back-
ground is estimated. The image is split into smaller subimages (32–128 pixels wide),
and a single background value is estimated for each. A median filter will account for
overestimations due to bright objects. To detect objects, the routine uses a one-pass
thresholding algorithm (Lutz, 1980), using a convolution mask to help define the type
of sources being observed. In the next step, the SExtractor routine deblends merged
sources. Each “source” detected in the previous step is re-thresholded at multiple levels
between its maximum and the original threshold value, and if two or more sub-sources
exist that contain at least 0.5% of the total integrated intensity, then the sources are
split. Pixels that are below the threshold for separation are then divided between these
sources. Finally, photometric measurements are made. SExtractor’s main advantages
are its ability to quickly identify sources over large input images, and give reasonably
good photometric output. It is, however, input dependent, relies on computation rather
than fitting to determine the source size and shape (faster, but less accurate) and deals
badly with very crowded fields. Figure 2.6 shows the results of a SExtractor run on the
Mon R2 250µm map. While many clumps of filamentary material are detected in the
outer regions, the high level of background around the central region has likely caused
the low numbers of sources detected there, and the central region has been detected as
only a single source. In total, SExtractor detected 72 sources in the region. There is not
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a good overlap between SExtractor and getsources. While SExtractor does detect sev-
eral of the largest sources, these are generally detected as multiple sources by getsources.
Meanwhile, approximately half of the SExtractor sources are not detected robustly by
getsources, suggesting that these are less reliable, and the majority of robust getsources
sources are not detected at all by SExtractor, even as part of a larger source.
Figure 2.6. The 72 sources detected by SExtractor at 250µm in Mon R2.
Reinhold, part of STARLINK’s CUPID (CUPID Users’ Manual) package, finds
sources by determining a ring of “edge” pixels around them. The edge pixels are defined
as those which are adjacent to either another source, the map’s edge, two background
pixels or a flat gradient over three pixels. Sources which are too small or on the edge of
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the map are ignored. The peak values of each source are also retained, and each clump
is numbered depending on its peak value. When run on the Mon R2 Herschel 250µm
map, Reinhold detects 631 sources. Especially in the outer parts of the region, these
correspond quite well to the getsources sources, but only nine of these are within the
central region.
Another of CUPID’s sourcefinders, FellWalker (Berry, 2015), uses a different
approach. A “path” is started at every pixel above a background intensity, and continues
by stepping to the highest adjacent pixel until it either reaches a maximum or joins
another path. Local maxima can be stepped off if there is an even higher pixel in the
vicinity; the path will continue from here. Pixels without any obvious local gradient
are ignored, and the rest are divided into sources depending on which maximum their
paths lead to. One problem with this method is that it can join pixels across entire
maps into one single, immense source, as long as there are no secondary sources in the
way. This problem can be ameliorated by removing the extended emission and running
FellWalker on a background-subtracted map, but the output will now depend more on
the background-subtraction technique used than on the source extraction method.
CuTEx (the Curvative Thresholding Extractor; Molinari et al., 2011) is a detec-
tion method based on the “curvature” around a source. Four detection images are made,
based on the second order derivatives of the input image, one detection image for each
direction (horizontal, vertical, and two diagonal). A source is detected wherever the
curvature on all four detection maps is greater than a threshold value (usually around
0.5σ) for an area of at least three pixels. CuTEx is designed to look for point sources,
and will thus not find more extended clumps of matter; of the 84 sources it detects in
Mon R2 (250µm), 65 are within the central hub (see Figure 2.7). Note that there is
generally good agreement between CuTEx and getsources; almost all sources detected
with CuTEx were also detected by getsources, although the much higher resolution of
the getsources run meant that it detected far more sources in addition, occasionally
detecting multiple sources within a single CuTEx source.
The simplest sourcefinders are Clumpfind (Williams et al., 1994) and csar
(Cardiff Source-finding AlgoRithm; Kirk et al., 2013). Rather than fitting a source
profile to the maps, they work by starting at peaks and adding adjacent pixels to these,
moving down in intensity until they reach a set background value or another peak. The
routines differ in a few ways. Clumpfind defines contours around peaks and adds the
pixels within each contour to the source as a single block. If there is more than one
source within the contour, then its pixels are split between them, based on a “friends-
of-friends” algorithm. One problem with this approach is that as almost all pixels above
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the noise limit are allocated to sources, areas of extended flux may end up being split
based on the positions of point sources within them. As with FellWalker, this can be
avoided by using a background subtraction technique, but, again, the sources detected
will depend more on the background subtraction than the sourcefinder.
csar, meanwhile, is a seeded region growth algorithm (Adams & Bischof, 1994),
and works by considering each pixel individually, from the highest peak downwards.
When two sources (excluding low-flux noise peaks) touch, both are “frozen” and assumed
complete. A third “source” is created by joining the peaks. This will not be recorded
as a source, but will be used to define the edges of other sources it touches. In addition,
csar can be run in a hierachical mode, giving a dendrogram output. The 71 sources
extracted by csar at 250µm can be seen in Figure 2.8. Compared with getsources,
csar detects far fewer sources, of generally larger size. In several cases, getsources
detects multiple sources within each csar source, most noticeably in the central hub,
which csar detects as only a single source. Meanwhile, a small number of csar sources
(∼ 10) are not detected robustly by getsources, probably due to poor detections across
the wavelengths.
A workshop of HOBYS and HGBS members was formed to compare all of the
above sourcefinding routines (Andre´ et al., 2011), looking at completeness (fraction de-
tected), reliability (whether the routine detected spurious sources) and quality of mea-
surements, for a variety of synthetic, real, and combined data. The findings show that
CuTEx works well for compact sources, even when blended, but has trouble identify-
ing more extended cources, which is not surprising, since it was designed to look for
compact objects. Meanwhile, csar found small numbers of very reliable sources, but
was often lacking in completeness compared to more advanced routines. Again, given
that it was designed as a quick routine to look for the most robust sources, this is
hardly surprising. getsources worked well for more extended sources, but had trouble at
the time deblending faint, closely-spaced sources, when compared with MRE-GCL (the
advanced, continuum version of GAUSSCLUMPS), although more recent versions of
getsources (including the one used on Mon R2) have since incorporated the MRE-GCL
benefits. Notably, getsources outperformed almost every other extractor over almost
every dataset, and was (and is) the only sourcefinder to work over all wavelengths at
once. The numbers of sources detected by the individual sourcefinders, and how they
compare with the getsources results, are given in Table 2.3.2.
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Sourcefinder Total Central Overlap
getsources 555 158 na
SExtractor 72 1 41
Reinhold 631 9 295
FellWalker 507 3 202
CuTEx 84 65 83
Clumpfind 1102 17 293
csar 71 4 71
MRE-GCL Not tested
Table 2.1. A table comparing the results in the Mon R2 region of seven of the
sourcefinders mentioned in the text. The columns given give the total number of sources
detected, both in the full region and in the central hub, together with the numbers of
sources that overlapped with a getsources-detected source. Note that getsources was
performed on all wavelengths simultaneously; all other sourcefinders were just applied
to the 250µm map.
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Figure 2.7. The 65 sources detected by CuTEx at 250µm in the central region of
Mon R2.
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Figure 2.8. The 71 sources detected by csar at 250µm in Mon R2.
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2.4 Further Source Analysis
2.4.1 Catalogue Construction
The output from getsources is simply a list of measured parameters (including
positions, fluxes, and sizes; full list given in Section 2.3.1) for each detected source.
While the routine itself does remove the poorest detections, there will still be some
pruning required in order to construct a full catalogue. In addition, it is generally more
helpful to think of sources in terms of their derived masses and temperatures rather
than in terms of their measured flux densities. This thesis follows the basic catalogue
construction techniques used by HOBYS papers (for example Tige´ et al., 2015), which
will be explained here.
The first step in the cataloguing procedure is to remove “non-robust” sources.
To be classified as “robust”, a source requires “reliable” measurements at at least three
wavelengths above 100µm, one of which must be either 160µm or 250µm. To be consid-
ered “reliable”, the measurement at that wavelength must have both its peak intensity
and its total flux density greater than twice their uncertainties (recall that the detection
significance of 5σ only applies to source detection, as it is only applied at the source’s
brightest scale, meaning that the actual flux density and intensity measurements can
have signal-to-noise values below this level). In addition, it must have an axis ratio
(major axis over minor axis) of no more than 2. A gravitationally-bound source will
likely possess a near-spherical shape (at least, as visible in the far infrared), and thus a
footprint which is too elliptical is not likely to trace the source itself. In practice, get-
sources removes most highly elliptical footprints anyway, and so few measurements are
considered unreliable on the basis of axis ratio alone (more than half of the individual
measurements of Herschel sources at any wavelength in Mon R2 were considered unre-
liable; 90% of these were considered unreliable due to low signal-to-noise, rather than
high axis ratio). This ensures that each source can be fit credibly by the greybody in
Equation 1.5, which has two free parameters (source mass and dust temperature). Either
160µm or 250µm is designated the “reference wavelength”, which is used to determine
the most reliable size (the “reference size”) for the source (the geometric mean of the
major and minor axes). If only one of the 160µm or 250µm measurements is reliable,
then this is the reference wavelength, and if both are reliable, then the reference wave-
length is the wavelength that would give the smaller size. Generally, this will be 160µm,
since this wavelength has finer resolution, but occasionally the 160µm measurement is
associated with larger warm structures, which are not necessarily connected with the
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dense core itself, and so 250µm gives a more accurate source size. Since the observed
source is actually the true source convolved with the PSF, to find the most accurate
size possible, getsources measurements of the source size are deconvolved, such that:
Rdecλ =
√
AλBλ − R2λ, where Aλ and Bλ are the major and minor axes and Rλ is
the beam FWHM at the same wavelength. This is minimised to half the beam FWHM,
since size estimations below this are likely to be inaccurate.
After this, the source is fit with an SED, as descibed in detail in Section 2.4.2, to
find the cloud mass and dust temperature. All reliable wavelengths were given standard
weighting (based on the errors output from getsources); wavelengths that were considered
unreliable solely due to their axis ratio were given weights that assumed errors equal to
the flux density measurement, and those that had low flux density measurements had
the flux density set equal to its error. All errors were then quadratically summed with
values representing the errors on calibration and extraction (this is assumed to be 20%
of the flux density value; Tige´ et al., 2015). The 70µm (and any shorter wavelengths)
are not included in the SED fit by default, but if the initial fit gives a temperature of
32 K or higher (corresponding to a SED that peaks at 160µm or shorter), the 70µm
measurement is included (with calibration and extraction errors of only 10%).
Luminosity was calculated by an integration over the SED. At wavelengths over
70µm, the integration was of the SED fit, and for 70µm and any shorter-wavelength
measurements, it was calculated by a simple integration over the flux density measure-
ments themselves. In addition, the source positions were compared with sources on the
WISE catalogue AllWISE (taken from the WISE and NEOWISE missions; Wright et
al., 2010; Mainzer et al., 2011), and flux measurements from this catalogue were also
used to find the luminosity. The WISE sources were only counted if their intensity in-
creased between 3.4µm and 22µm, since these sources were likely to be the same as the
FIR object. Note that these, and all other measurements below 70µm, were not used
for any calculations other than that of the luminosity.
Finally, the source type was estimated. A source with a signal-to-noise value of
more than 2 (for the total flux measured at 70µm) and a reference size under 11.4′′ (the
160µm beam size) was designated a “protostar”, if the source was associated with a peak
in the 70µm map. This source has evolved enough that the star within it is becoming
visible (which would correspond to a Class I or flat spectrum YSO; see Section 1.1). The
Bonnor radii of all non-protostellar sources were found, where the Bonnor radius is the
radius of a critical Bonnor-Ebert sphere (Ebert, 1955; Bonnor, 1956) of the same mass
and temperature as the source. A critial Bonnor-Ebert sphere is the most dense sphere
of isothermal gas that can exist in hydrostatic equilibrium, and its radius is given by the
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equation:
rc =
MmG
2.4kT
(2.8)
where M and T are the sphere mass and isothermal temperature respectively, m is the
mean molecular mass (taken as 2.8 u) and G and k are the gravitational and Boltzmann
constants. Molecular line observations suggest that the collapse of a prestellar core is
closely modelled by the quasi-equilibrium collapse of an unstable Bonnor-Ebert sphere
(Keto et al., 2015), and while the sources are unlikely to be “true” prestellar cores, due
to their large sizes, the approximation is still likely to hold. Sources with reference sizes
smaller than twice their Bonnor radii were thus likely to be undergoing gravitational col-
lapse, and were thus termed “bound cores”. These sources were likely to be higher-mass
prestellar cores, or small clusters of such cores. Class 0 protostars (protostars which are
less massive than their surrounding envelope) could fall into either this category or into
the “protostar” category, due to the difficulty involved in detecting the protostar itself.
Those detected sources that were larger than twice their Bonnor radii were categorised
as “unbound”. These are clumps of matter that are formed by turbulence, and will
probably not collapse under gravity to form protostars, unless acted upon by external
forces.
A fourth classification was added to deal with sources that were detected by
getsources, but not visible on any maps. Such detections only occurred in highly crowded
regions (such as the Mon R2 central hub), and were potentially due to detection artefacts
being associated with actual flux. Since the flux was real, although not necessarily
connected to any single source, it was decided by the HOBYS Consortium that they
would also be counted in the catalogue, as “pieces of cloud”. The defining criterion for
“pieces of cloud” was whether they were associated with a peak in the high-resolution
column density map (see Section 2.4.4): non-protostellar cores that do have a column
density peak are either “bound” or “unbound” cores; those that do not are “pieces of
cloud”.
Figures 2.9 and 2.11 show SEDs from both a bound starless core and a protostar,
both from Mon R2, while Figures 2.10 and 2.12 show the maps (Spitzer , Herschel ,
SCUBA-2, and column density) at the sources’ positions.
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Figure 2.9. The SED of a clump of cold dust and gas (HOBYS J060626.1 −060142,
#176 in Appendix B.1) in the Mon R2 region. The fit gives a temperature of
(11.7±0.6) K, with a mass of (1.3±0.4) M, and a total bolometric luminosity of 0.3 L.
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Figure 2.10. Snapshots of source HOBYS J060626.1 −060142, a gravitationally-
bound core. It shows strong detections at the longer wavelengths, but is not detected
(or even appears as extinction) in the mid-infrared. The wavelengths shown are 3.6µm
(IRAC), 24µm (MIPS), 70µm, 160µm (PACS), 250µm, 350µm, 500µm (SPIRE),
850µm (SCUBA-2), and the high-resolution column density map (see Section 2.4.4).
The SED is given in Figure 2.9.
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Figure 2.11. The SED of a protostellar core (HOBYS J060757.3 −063105, #13 in
Appendix B.1) in the Mon R2 region. The fit gives a temperature of (23±2) K and a
mass of (0.5±0.1) M, with a luminosity of 10 L. Snapshots for this source are given
in Figure 2.12.
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Figure 2.12. Snapshots of source HOBYS J060757.3 −063105, an archetypical proto-
stellar core, with a strong, unresolved detection at almost every wavelength. The SED
is given in Figure 2.11. Wavelengths as for Figure 2.10.
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2.4.2 Source SED Fitting
As discussed in Section 1.3, a clump of cold gas and dust will have an SED of
the form:
Fν =
Mcκ0
RD2
(
ν
ν0
)β
Bν(T ) (2.9)
where Fν is the observed flux density at frequency ν (as measured by getsources); Mc
is the clump mass (dust and gas); κ0 is the dust absorbtion coefficient, measured at
the reference frequency ν0, which is given the standard SAG-3 value 1 m2kg−1 at 1 THz
(300µm; Beckwith et al., 1990); R is the mass ratio of gas to dust, generally assumed to
be 100 (also Beckwith et al., 1990); D is the distance to the clump observed; β is the dust
emissivity index, which can vary between 1 and 2 (Hildebrand, 1983), although a value
of 2 is often used; and Bν(T ) is the Planck blackbody intensity at dust temperature T .
This fit was done, with Mc and T as the variables, using MPFIT (Markwardt, 2009), an
IDL port of the non-linear least-squares fitting MINPACK-1 routine (More´ et al., 1983).
As mentioned in Section 1.3, κ0, R, and β are all set by HOBYS/HGBS convention, to
allow for comparisons between results from separate regions.
There are, however, a few corrections that need to be made to the fluxes (and
other parameters) before the SEDs are calculated. Although point sources (here defined
as sources that have sizes smaller than the beam size) can obviously be completely viewed
within the instrumental beam (and therefore have an easily-measured flux density),
extended sources cannot, since these are larger than the beam size, and thus only part
of their emissions will be observed within any telescope beam. Consequently, the SPIA
pipeline outputs two sets of each wavelength map: one calibrated for point sources;
the other for extended emission. However, as JScanamorphos only gives point-source
calibrations, it makes sense to only run getsources on the point-source calibrated SPIRE
maps, and then to apply the necessary extended source emission corrections (0.9828,
0.9834, 0.9710 for 250µm, 350µm, 500µm; SPIRE Handbook) to the output flux. These
corrections were only applied to sources with a mean FWHM at 70µm greater than 12′′
(0.05 pc at the distance of Mon R2), approximately twice the beam size.
Another correction that can be made is due to the source intensity distribution
(Nguyễn Lương et al., 2011). A large number of HOBYS sources have a strong central
concentration (Gaussian distribution out to ∼0.1 pc), but with more diffuse edges (r−2
power law distribution out to potentially ∼1 pc). In addition, as more evolved cores will
generally have a weak temperature gradient (T (r) ∝ r−q, where q is between 0 and 0.4),
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the flux measured within an aperture of radius θ will vary linearly by: F (< θ) ∝ θp,
where p varies between 0 and 0.6. Consequently, longer wavelengths, which trace the
cooler dust, will measure flux out to a greater radius. Note that this is unconnected
with the increase due to the lower resolution (which is corrected by deconvolution).
To correct for this problem where it occurs, a method known as “flux-scaling” can be
applied. PACS (and other short-wavelength) observations are not changed, as these
trace the denser inner core. SPIRE (and longer-wavelength) observations are scaled in
the following fashion:
F SEDλ = Fλ
Rdecλ
Rdecref
(2.10)
where Fλ is the measured flux at wavelength λ, and Rdecλ and R
dec
ref are the deconvolved
source FWHM at λ and the reference wavelength (see Section 2.4.1).
One final factor that needs to be accounted for is the source’s SED “colour”.
Due to the shape of the SED, different wavebands will cover regions with differing spec-
tral indices (see Figure 2.13). While the gradient across each band can be treated as
a constant power-law, each band will have its own spectral index, αS . The spectral
index (and thus correction factor) will depend on both the dust emissivity index, β, and
the temperature, T which is itself dependent on the flux measurements. Consequently,
the fits need to be iterated at least twice to find the correct fluxes (and thus tempera-
tures). The colour corrections factors will generally be from 0.926, 1.030, 0.999, 0.983,
0.993 (70µm, 160µm, 250µm, 350µm, 500µm respectively, T = 20 K) to 0.372, 0.991,
1.025, 1.018, 1.032 (T = 10 K), assuming an extended source with a ν2 greybody (colour
corrections from SPIRE Handbook and Mu¨ller et al. 2011).
One thing that has not been accounted for here is the possibility for sources to
have multiple components with different temperatures. A prestellar source will have
a cold centre, and warmer outer layers, as these outer layers will protect the interior
from warming radiation; conversely, a protostellar core will have a hot centre, since
the protostar itself will be heating the core (it will also have warmer outer layers due
to external heating, although this effect will be less extreme). The latter effect could
potentially be fit to by a two-temperature model, the SED of which would appear as the
combination of two individual grey- or blackbodies (see, for example, Hill et al., 2009).
A significant problem with this approach is that wavelengths needed to constrain the
high-temperature component are the wavelengths most likely to be lost to extinction,
both due to foreground material and to the envelope itself. As a consequence, the fit to
the high-temperature component will give too low a temperature. Far better would be
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Figure 2.13. A figure showing how the different wavebands observe the same SED to
have differing slopes. The bands shown are the Herschel 70µm (blue), 160µm (cyan),
250µm (green), 350µm (orange), and 500µm (red); the SED is for a 1 M core at 1 kpc
with a dust temperature of 20 K, and an emissivity index of 2.
somthing similar to the method used by Robitaille et al. (2006, 2007), which fit SEDs
to 200 000 separate YSO models determined by radiative transfer. This has its own
problems, as constructing such models will generally be very time-consuming, especially
when dealing with as many sources as presented in this thesis. Generally, a simple, single-
component, greybody SED will fit well to all wavelengths over 70µm (Elia et al., 2010),
giving close-enough approximations of the values of core mass and dust temperature.
2.4.3 Catalogue Completeness
Initial Completeness Run
In order to test the completeness of the getsources output, and the catalogue formed
from it, the program was run on the observed Mon R2 field, with synthetic sources
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superimposed. (The column density map, temperature-independent maps, and SCUBA-
2 map were also included, to keep as close to the original extraction as possible, but
the MIPS map was not included, since this did not affect anything beyond the source
luminosity.) There are disadvantages to adding the sources to the original map, as
additional sources can change the source density, and can be blended with real sources.
It was, however, decided to adopt this method rather than adding the sources to a
getsources cleaned background map, as the latter method could be affected by artefacts
in the cleaned map, and could under-represent the source density and crowding.
Three populations of sources were added onto the maps. The simplest were
simulated protostars, which were modelled as point sources that perfectly fit the model
SED (Fν ∝McνβBν(T )) with masses (Mc) and temperatures (T ) chosen randomly from
the ranges 0.03–10 M and 15–30 K respectively. The next population were designed as
bound cores; these differed from the protostars in their temperature range (10–30 K) and
their Gaussian profile, with a flat FWHM distribution in the range 0.5–1 Bonnor radii
(the maximum allowed FWHM was set to 0.3 pc, the maximum detectable source size for
the getsources run, and the minimum was set to the 160µm beam size). The flux values
for each wavelength were again calculated using the above SED. Although unrealistic,
the Gaussian profile is unlikely to have a significant impact on the source shapes at the
distance of Mon R2 (at 830 pc, the maximum source size is 75′′, only twice the 500µm
beam size). For both populations, the ranges used correspond well to those observed in
the original getsources data for Mon R2. The third population were unbound clumps,
which used the same structure as those used in Marsh et al. (2015), which modelled the
cores with a number density profile that plateaus at the source centre. Once again, the
source masses and temperatures were chosen to accurately represent the values measured
in Mon R2. In all three cases, the sources were convolved with the respective beam before
being input into the map. The protostellar and bound sources were laid down randomly
on the map over regions with column density above 3 × 1021cm−2. Unbound sources,
which will not necessarily trace the highest column densities, were laid down randomly
over regions with 250µm intensity above 57 MJy/sr (this corresponds well to the column
density 3 × 1021cm−2 in the colder parts of the region, while expanding down to lower
column densities at higher temperatures).
In total, 440 sources were input into the region, including 50 “protostars”, 150
“bound”, and 240 “unbound”. It should be noted that the terms “protostar”, “bound”,
and “unbound” refer to the method by which the source was modelled, and not nec-
essarily its actual classification. About half of the “unbound” sources, especially those
with higher masses, have high enough masses compared to their sizes that they would
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indeed be gravitationally bound, and many higher-temperature “bound” sources have
high-enough flux at 70µm (and low-enough sizes) to be counted as protostars, while a
few lower-mass “protostars” do not. Assuming a perfect source-finder, the actual sources
input would be detected as 116 protostars, 186 bound sources, and 138 unbound.
After getsources had been run on the altered maps (as described in Section 2.3.1),
the detected sources had to be paired with their modelled counterparts. Each detected
source was paired with the nearest model source, as long as the distance between the
centres was less than the 160µm beam FWHM (11.2′′), or 30% of the model source
size, whichever was larger. After this, the sources were catalogued as described in
Section 2.4.1, since this will also reduce the number of sources to the number with
robust detections. In all, 248 of the 440 sources (56%) were detected, and 176 (40%)
were detections good enough to be selected for the catalogue. The model, detected, and
catalogue core mass functions are shown in Figure 2.14 and the detected and catalogued
percentages are given in Figure 2.15.
As can be seen, the sourcefinder is not perfect even at the highest masses, al-
though it is much better than at lower masses. Even above 10 M, getsources only
detects 31 of the 39 sources (79%), and only 23 of these (59%) reach the catalogue.
Below 0.1 M, getsources detects only 18 of 84 sources (21%), and only six of these
(7%) are catalogued. Judging from the shape of the graph, more than 50% of sources
above 1 M reach the catalogue (and indeed, 62%, or 123 out of 198, do). We can thus
safely say that while the majority of sources above 1 M do reach the catalogue, ap-
proximately one third will be missed, either by getsources or by the catalogue selection
criteria. Meanwhile, only 22% of sources below 1 M (53 out of 242) reach the catalogue,
so for every source detected, there are potentially three or four missed.
Looking at the categories allocated to the selected sources, we see that the num-
ber of protostars detected (106) is not very different from the numbers of model cores
inserted into the maps (111), while the numbers of bound (186 input, 116 detected)
and especially unbound (138 input, 21 detected) are significantly lower. Comparing the
type of the model core with the type assigned by detection, we see that only 83 of the
106 detected protostars were indeed model protostars; a futher twenty were bound, and
three were even unbound. Meanwhile, six of the 116 detected bound sources were model
protostars, and another model protostar was detected as an unbound source. In all,
the probability that a detected protostar was indeed a model protostar is 78%, or 76%
when only catalogued sources are considered; the probabilities for bound and unbound
are 88% (93% for catalogued sources) and 43% (57% for catalogued). The process of
selecting sources to catalogue can be seen to have no real change on the probability of
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Figure 2.14. The CMF for the model (black), detected (red), and catalogue (green)
sources. Note that the masses used for all CMFs are the model masses; any discrepancy
between the model and detected mass is ignored here, but will be discussed later. The
percentages are shown in Figure 2.15.
a source having been misidentified. Note that only seven catalogued sources were given
the type “unbound”, so the significant shift is likely to be due to the small numbers
involved. For all other catalogued sources, there is a &75% chance that that source was
correctly identified. Table 2.4.3 gives an overview of the results.
Central Region
The above analysis covered the entire mapped Mon R2 region. However, the central
hub has been treated as a special case in addition, due to its much higher density and
source crowding, so that the completeness in this region could be estimated separately.
To avoid distorting the overall properties of the region or changing the degree of source
blending due to the addition of too many synthetic sources, the exercise was carried
out by doing five separate runs each with 40–50 sources added to the region. Over 200
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Figure 2.15. The percentage of sources detected (red) and in the catalogue (green),
in the initial run.
sources were detected in and around the central hub (although only 43 were detected
robustly; see Chapter 3), so the synthetic sources input represent at most a 15–20%
increase in potential source number per run. While it is still possible that this number
of model cores do alter the properties of the region, it seems unlikely. In total, 212 sources
were implanted into the core: 89 protostars, 70 bound cores, and 53 unbound sources.
The mass and size ranges were the same as the original run, although the temperature
range for unbound sources was increased slightly, to account for the increased local
temperature in the central hub. As above, getsources and the SED-fitting and catalogue-
forming routines were run, and a total of 99 sources were detected (47%), 43 (20%) to
the standards of the catalogue (the CMFs are shown in Figure 2.16, and the percentages
are in Figure 2.17). By proportion, this is half as many as were catalogued for the initial
run on the full Mon R2 maps, illustrating the much higher mass completeness limit
within the central hub. Table 2.4.3 gives an overview of the results.
While the original run (over the full region) also missed some sources above
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Type Inserted Detected Catalogued
Input Measured
Mass ( M) Mass ( M)
Total 440 249 (57%) 176 (40%) 0.04–28 (5.1) 0.03–65 (5.7)
(>1 M) 198 154 (78%) 123 (62%) 1.0–28 (7.1) 0.2–65 (7.7)
Protostars 116 95 (82%) 67 (58%) 0.04–9.9 (1.7) 0.03–8.6 (1.0)
(>1 M) 34 32 (94%) 29 (85%) 1.0–9.9 (3.3) 0.2–3.0 (1.3)
Bound 186 134 (72%) 99 (53%) 0.4–28 (7.8) 0.08–65 (9.2)
(>1 M) 164 122 (74%) 94 (57%) 1.0–28 (8.2) 0.2–65 (9.7)
Unbound 138 20 (14%) 10 (7%) 0.08–0.8 (0.5) 0.08–8.9 (2.2)
Table 2.2. A table giving the results of the completeness testing in the Mon R2 region
(both total numbers and cores above 1 M). The columns given show the numbers
(and percentages, in parentheses) of each type of source that was input to the maps;
detected; and detected robustly. In addition, they show the mass ranges and mean
masses (in parentheses) of input and detected sources (in both cases, only the sources
on the catalogue counted). Note that the source seeding method used did not create
unbound sources above 1 M.
1 M, and even 10 M, it was at least reasonably easy to see that a high proportion of
higher-mass sources were accepted onto the catalogue. In the central region, only 34% of
sources above 1 M (31 out of 91) are catalogued, compared to the 62%, almost double,
catalogued in the initial run. One thing to note is that there is also a bias towards small
cores. Of nine model cores with masses above 10 M, seven were detected. Those that
were not had sizes of 67′′ and 76′′, meaning that their average column densities were at
most 2× 1021cm−2. In a region where the mean column density is about 1022cm−2, this
would naturally make them harder to detect.
Even for sources with masses above 1 M and FWHM sizes below 20′′, approxi-
mately one third (15 out of 49) were not detected (see Figure 2.18). A further ten would
have been excluded as potentially spurious detections, leaving only half of the input
sources in the catalogue. For lower mass objects, this is much worse. Only 44 of the
121 sources below 1 M were detected, and only twelve were counted in the catalogue
(∼ 10%), ten of which had sizes below 15′′. The two with larger sizes were both coincident
with real sources, and it is possible that these were responsible for the detections.
Mass Error
The mass of the measured sources is not generally the same as the input model mass.
The differences between the two values can be seen in Figure 2.19. Red sources are from
the outer run, black are from the central runs; open sources were only detected, filled
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Figure 2.16. The CMF for the model (black), detected (red), and catalogue (green)
sources, in the central region runs.
sources were added to the catalogue. It should be noted that some sources were detected
but, due to poor detections, could not be given masses (these would not get into the
catalogue); these sources have not been considered for the mass error estimation, leaving
347 sources detected with masses (219 catalogued).
While most sources are detected with around the model mass, there seems to
be, on average, a slight underestimation, especially for sources less massive than 1 M.
Approximately two thirds of the sources are detected with a lower mass (62%, or 68% of
the catalogue), but there is a much higher range for sources detected with higher masses.
The mass loss is potentially due to getsources underestimating the flux to assign to each
source; this is within an order of magnitude, and mainly seems to affect sources below
1 M (those above 1 M show scatter both above and below the model value), and is thus
unlikely to highly affect these results, since the sources below 1 M are already known to
be highly undersampled, and thus will not be used for any statistical analysis. The most
mass “gained” through detection is 63 M, although this source was not counted as part
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Figure 2.17. The percentage of sources detected (red) and in the catalogue (green),
in the central region runs.
of the catalogue (the largest gain in the catalogue is only 40 M; the sources had model
masses of 2.0 M and 28 M respectively). The reason for this becomes clear when we
consider source overlap: the source seeding program did not prevent overlaps, either with
true sources, or with other model sources and each detected source was assumed to be
the result of only a single model source. This is not, however, always the case. Indeed,
the catalogued source mentioned above represented a superposition of four overlapping
model sources, with a total mass of over 50 M, far closer to the detected mass, 68 M.
As can be seen in Figure 2.19, all of the model sources which increased their masses
by more than an order of magnitude overlapped with another source, whether a “real”
source (i.e. one detected by getsources during the standard run) or a model one. As
mentioned above, removing the real sources prior to inserting the model cores could have
avoided this, but would likely have caused additional problems. This could mean that
many of the “real” sources detected in the central hub are in truth superpositions of
multiple lower-mass objects, but without higher resolution observations, this cannot be
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Type Inserted Detected Catalogued
Input Measured
Mass ( M) Mass ( M)
Total 212 172 (81%) 43 (20%) 0.04–28 (3.8) 0.2–17 (3.1)
(>1 M) 132 76 (58%) 31 (23%) 1.1–28 (5.1) 0.4–17 (3.3)
Protostars 89 68 (76%) 28 (31%) 0.06–9.0 (2.8) 0.2–15 (2.1)
(>1 M) 50 32 (64%) 19 (38%) 1.1–9.0 (3.8) 0.4–5.7 (1.8)
Bound 70 59 (84%) 13 (19%) 0.4–28 (6.7) 0.4–17 (5.5)
(>1 M) 82 44 (54%) 12 (15%) 2.0–28 (7.2) 0.4–17 (5.9)
Unbound 53 45 (85%) 2 (4%) 0.04–0.1 (0.07) 1.4–4.4 (2.9)
Table 2.3. A table giving the results of the completeness testing in the Mon R2 central
hub region (both total numbers and cores above 1 M). The columns given show the
numbers (and percentages, in parentheses) of each type of source that was input to the
maps; detected; and detected robustly. In addition, they show the mass ranges and mean
masses (in parentheses) of input and detected sources (in both cases, only the sources
on the catalogue counted). Note that the source seeding method used did not create
unbound sources above 1 M.
known for certain. This also provides an explanation for many of the “lost” high mass
model sources, especially those within the central hub.
Overall
The completeness analysis of getsources and the HOBYS source extraction technique
has shown that in a more quiescent region (at the distance of Mon R2), approximately
60% of sources above 1 M will be catalogued; below 1 M, only about 20% of sources
are detected. In the highest density regions, however, the detection rate is about half
this, with only about 30% of sources above 1 M, and 10% of sources below 1 M on the
catalogue. The detection of the sources in the denser region also has a dependence on
their size: 25% of sources under 20′′ were detected, compared to 10% of those above 20′′.
In terms of source type, a source that is catalogued is very likely (70–90%) to have been
assigned a type that matches it well (although this is possibly due to the simple nature
of the model sources). The true mass, however, is less certain, although it is likely to
be close, with 80% of measured masses between 300% and 30% of the model value, and
50% between 200% and 50%.
Another thing to be considered is the column density itself. As shown in Fig-
ure 2.20, there is generally a decrease in completeness against AV, with very high com-
pleteness at an AV of ∼1, and dropping off to ∼20% by an AV of 10. The higher
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Figure 2.18. The model mass against size (FWHM) for the model (black square),
detected (red circle), and catalogue (green triangle) sources, in the central region runs.
completeness at the higher AV levels is likely to be due to both crowding and poor cov-
erage of this region of AV space (of 652 model sources, only eleven were above an AV of
70). Judging from the plot, the completeness limit should be at an AV of about 5; below
this limit, 67% of the model sources (with masses above 1 M) were detected, while only
38% of the model sources (again, above 1 M) were detected at higher extinctions.
All in all, while this method is not perfect, it is certainly sufficient for this work,
and, now that its limitations have been explored, they can be accounted for. In order to
gain a better understanding of the nature of the sources in the central region, it would
be possible to use getsources on the HiRes maps (see Section 2.2.1), although this is
only currently available for the SPIRE maps. Beyond this, it is clear that the central
hub requires observations with even greater resolution (for example, from ALMA) in
order to provide a more complete catalogue. One problem with this completeness limit
is that it will not be easy to calculate an accutate CMF (core mass function), especially
for the central hub, which could potentially contain half of the sources in Mon R2.
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Figure 2.19. The model and measured masses, for catalogued sources from both runs.
Sources from the outer run are in red; those from the core runs are in black. Model
sources that showed an overlap with “real” sources or other model sources are hollow;
those that do not are filled.
The low completeness at lower masses would skew a CMF toward masses above 1 M.
Since the CMF of other Herschel -observed regions seems to peak at ∼0.6 M (in Aquila;
Andre´ et al., 2010,Ko¨nyves et al., 2010; note that in this case the completeness limit was
0.3 M), this could not be accurately measured in Mon R2, even in the outer regions;
creating an accurate CMF of the central hub would be nigh impossible.
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Figure 2.20. The completeness of Mon R2, as a function of extinction (in AV; see
Section 2.4.4). The red histogram is for all model cores; the green for those above 1 M.
2.4.4 Temperature and Column Density Maps
Temperature and mass can be determined from the SED, which is fit to the
fluxes measured between 160µm and 500µm (see Section 2.4.2). Consequently, it is
possible, by regridding these four maps to the same pixel size, to find temperatures and
masses for each pixel. Converting the mass into N(H2) column density (number of H2
molecules per square centimetre), maps of column density (and also dust temperature)
can be produced. Note that Herschel measurements are not calibrated to the galactic
background, and so must be compared with data from a full-sky survey (such as Planck ;
Planck Collaboration, 2011), in order to determine a background offset for the Herschel
data (Bernard et al., 2010). This is not required for source extraction, as sources are
measured relative to the background, but column density maps require absolute values.
Due to resolution differences, the shorter-wavelength maps must be smoothed to
the resolution of the 500µm map (36.4′′), and thus the dust temperature and column
density maps will not be as well resolved as the shorter-wavelength maps. (This initial
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36.4′′ resolution column density map is referred to as Σ500.) By ignoring the 500µm
map, temperature and column density maps can be made with the resoultion of the
350µm map (24.9′′), but these will be less accurate (due to the loss of one of the four
data points) and will also be more influenced by the warmer, less massive dust seen
at 160µm than the colder dust that would have been seen at 500µm. (This 24.9′′
resolution column density map is referred to as Σ350.) Better yet would be to have the
column density map at the resolution of the 250µm map (18.1′′). As it would require
constructing SEDs with only two data points (160µm and 250µm), this cannot be done.
However, the ratio of the 160µm and 250µm fluxes can be used to construct an 18.1′′
resolution colour temperature map, using the method from Shetty et al. (2009):
Fλ1
Fλ2
=
(
λ1
λ2
)3+β exp(λT /λ2)− 1
exp(λT /λ1)− 1 (2.11)
where Fλi are the flux densities at wavelengths λi; and λT = hc/kT (c, h, and k are the
speed of light, and the Planck and Boltzmann constants; T is the colour temperature).
This can be combined with the 250µm map to construct an 18.1′′ resolution column
density map, albeit one that only relies on the warmest dust in the region. (This 18.1′′
resolution column density map is referred to as Σ250. Note that the Shetty et al. flux
ratios method was only used for this column density map; both the Σ350 and Σ500 used
standard chi-squared fits.)
In order to both trace the colder dust as seen at 500µm and have the better
resolution of the 250µm and 160µm maps, a compromise can be reached, and the three
column density maps can be combined to give a single, final 18.1′′ resolution column
density map, Σ˜, using the following equation:
Σ˜ = Σ500 + (Σ350 − Σ350 ∗G500 350) + (Σ250 − Σ250 ∗G350 250) (2.12)
where G500 350 and G350 250 are circular Gaussians that have FWHMs equal to 26.6′′
(
√
36.42 − 24.92) and 17.1′′ (√24.92 − 18.12) respectively. Full details of this method
are given in Palmeirim et al. (2013). Σ˜ is given in Figure 2.21, while the temperature
map (still at 36.4′′ resolution) is given in Figure 2.22. The central hub of Mon R2 (see
Section 3.1) is shown for these two maps and the Σ500 and Σ350 column density maps in
Figure 2.23.
In order to help getsources (see Section 2.3.1) detect dense cores, rather than
warmer, potentially unbound matter, two more maps are made, along with standard
SAG-3 procedure. These are based on the 160µm and 250µm maps of the region, but
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Figure 2.21. Σ˜, the final 18.1′′ resolution column density map of Mon R2. Only the
region covered by both PACS and SPIRE is shown.
with the effects of temperature removed. From the 18.1′′ resolution colour temperature
map and the 160µm flux map, an 11.4′′ resolution column density map can be made.
When this and the original 18.1′′ resolution column density map are assumed to be at
a single temperature (e.g. 20 K), temperature-independent flux maps of 160µm and
250µm emission can be made. These, along with the final column density map, are used
as input to getsources, although only for source detection.
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Figure 2.22. The temperature map of Mon R2. Only the region covered by both PACS
and SPIRE is shown.
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Figure 2.23. Four column density maps of the Mon R2 central hub (all units cm−2; the
exact area shown is the same as for Figure 2.1). The maps are: Σ500, the 36.4′′ resolution
(upper left); Σ350, the 24.9′′ resolution (upper right); Σ250, the initial 18.1′′ resolution
(lower left); and Σ˜, the combined 18.1′′ resolution (lower right). The resolution increase
can be seen very well here.
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2.4.5 Probability Density Functions
A PDF (or probability density function) can be constructed for the column den-
sity map. This is essentially a histogram showing the fraction of pixels on the map with
each column density (an example for Mon R2 is shown in Figure 2.24). This is measured
in extinction (AV), rather than column density, but the relationship is linear (an AV of
1 is equivalent to a column density of 0.94 × 1021 cm−2, assuming a constant gas-to-dust
ratio; Bohlin et al., 1978).
Figure 2.24. A PDF of the pixels in the high-resolution column density map, Σ˜. The
curve and red and blue lines represent fits to the data, described in the text. The fits
are defined by the parameters given: σ is the lognormal dispersion (standard deviation);
DP1,2 are the magnitudes at which the three fits meet; s1,2 are the slopes of the power
law tails. The PDF is normalised so that the total area equals 1.
A stochastic distribution of matter with no complicating forces (external or inter-
nal) will have a simple lognormal PDF (e.g. Va´squez-Semadeni & Garc´ıa, 2001; Schneider
et al., 2013, assuming sufficient sampling):
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p(η)dη = (2piσ2)−0.5 exp
(
−(η − µ)
2
2σ2
)
dη (2.13)
where η = ln(N/〈N〉), in which N is the column density; σ is the dispersion (equivalent
to the standard deviation of a normal distribution); and µ is the mean. Such a lognormal
curve has been fit to the PDF (green curve), and while it fits very well at low column
densities, above an AV of about 5, the distribution changes to that of a power-law (or a
secondary, smaller lognormal, overlapping with the first; Brunt, 2015). This means that
there is a large amount of matter (approximately 13% of the visible cloud) which has a
greater column density than can be explained by simple random turbulent distribution.
The most likely explanation for this excess is gravitational domination (Froebrich &
Rowles, 2010). At this point, the material becomes dense enough to self-gravitate, and
begins to collapse. Theoretically, the PDF of a spherically symmetric clump of matter
with a density profile ρ(r) ∝ r−α, where ρ is the density at radius r, will have the
form of a power law p(η) ∝ ηs (Kritsuk et al., 2011), where s = −2/(α − 1). In this
case, the density profile (α = 1.72, for s = −2.77) is within the range for gravitational
collapse (1.5–2, or a value of s between −2 and −4, with lower values representing more
retarded collapse; Kritsuk et al., 2011; Girichidis et al., 2014). This tail is likely connected
to the gravitationally-bound filamentary regions, (which can be seen, for example, in
Benedettini et al., 2015).
This is, however, not the only power-law tail that can be seen on the Mon R2
PDF. A second tail, represented by the blue line, can also be seen here, beginning at an
AV of 17 (1.6 × 1022 cm−2), which corresponds well to the contour previously used to
define the central region, 1.5 × 1022 cm−2. This would then imply that there is another
force acting on the matter in the central region, causing the collapse to higher densities
than would otherwise be seen. Although the exact mechanism for this additional force
is unknown, it seems likely that it is related to the Hii regions both surrounding and
within the central region, and could, therefore, be due to the combination of the shells
of matter swept up (and compressed) by the Hii regions (Schneider et al., 2015a). Other
potential causes are possible. Rotation at the centre (Kritsuk et al., 2011) has been
shown to produce a similar excess at high column densities, but this effect is likely to
dominate only at smaller scales than the ∼ 0.1 pc resolution used here. Strong magnetic
fields could potentially cause the observed effect, but such magnetic fields could prevent
star formation entirely (Ko¨rtgen & Banerjee, 2015), and the weaker magnetic fields likely
to be present in a star-forming region are unlikely to cause the excess observed. Other
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causes could include geometric effects (near-cylindrical filaments condense into near-
spherical cores), but these all share a common problem: thus far, the excess has only
been observed in very high mass star-forming regions, such as Mon R2, NGC 2264 (see
Chapter 4), Cep OB3, and NGC 6334 (Schneider et al., 2015a). If the excess were due to
rotational, magnetic, or geometric effects, then it would likely be observed in lower-mass
regions, too. It should be noted that the column densities used to construct this PDF
were found using a model which assumes constant gas-to-dust ratio (R), dust absorption
coefficient (κ0), and dust emissivity index (β). If any of these three were to change at
high densities, it could cause the column density to be over- or underestimated, giving
an incorrect PDF. To test this, column density maps could be made using other methods
(e.g. extinction), or with a more full analysis of these parameters. Both of these are,
however, beyond the scope of this thesis.
A more complete analysis of the Mon R2 PDF, together with those of NGC 2264,
Mon R1, and several other regions, is given in Section 6.3.
It can also be useful to look at a cumulative function of the column density (seen
in Figure 2.25). Comparing this with the PDF, it can be seen that the majority of the
region (∼ 80%) is in the lowest-column density lognormal regime (in green); only about
1% of the region is in the highest density regime (in blue). In addition, dust temperature
PDFs and cumulative functions can also be constructed (seen for Mon R2 in Figures 2.26
and 2.27). The basic shape of the PDF is similar to that of the column density map, with
a lognormal shape at lower temperatures, and an apparent tail toward high temperatures.
One thing that is visible in the Mon R2 temperature PDF is a secondary peak at 20–
24 K, which is also seen on the cumulative plot; this corresponds to the temperatures
observed in the largest, northern Hii region, and would not be likely to be seen on a map
lacking such a region. A second “tail” above 30 K is also seen here, although due to the
small number of pixels involved (10−5 is equivalent to about 10 pixels), this cannot be
determined for certain.
Finally, it can be useful to directly compare the dust temperature with the col-
umn density directly, as in Figure 2.28. While the scatter at the low temperatures (10–
20 K) and column densities (1021–1022 cm−2) drowns out any relationship that might be
present, the high temperature and column density relationships are still visible. There
are at least two low-density regions with temperatures up to 30 K (likely the Hii regions),
and the hub region is obvious, having both high column density (over 1022 cm−2) and
temperatures of 20–40 K
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Figure 2.25. A cumulative function of the high-resolution column density map, Σ˜.
The green, red, and blue lines show the positions of the three regimes (lognormal and
the two power-law tails) mentioned in the text.
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Figure 2.26. A PDF of the dust temperature map (note that the temperature is
displayed on a linear scale rather than a logarithmic one).
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Figure 2.27. A cumulative plot of the dust temperature map.
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Figure 2.28. A plot of column density against dust temperature for Mon R2. To allow
visualisation of the most crowded parts of the plot, every tenth point was coloured blue,
every hundredth point green, and every thousandth point red.

Chapter 3
Herschel Observations of
Monoceros R2
3.1 Introduction
Monoceros R2 (or Mon R2) was first described by Van den Bergh (1966), in his
study of associations of reflection nebulae. Centred around the nebula NGC 2170, the
association lies 830 pc from the Sun (Racine, 1968; Herbst & Racine, 1976), about half-
way between the Orion complex (part of the Gould Belt) and the more distant Canis
Major OB1. The position of Mon R2 suggests a connection with either one or both of
these complexes (Maddalena et al., 1986; Heiles, 1998).
In visible light, Mon R2 appears as a string of reflection nebulae, running roughly
east–west for approximately 2◦ (shown in Racine & van den Bergh, 1970). These are
only the visible parts of the Mon R2 GMC (giant molecular cloud), and other regions
had previously been detected through extinction (LDN 1643–6; Lynds, 1962). At the
most westerly tip of the association, the nebula NGC 2170 surrounds the ultracompact
Hii (UCHii) region PKS 0605−06 (Shimmins et al., 1966a,b, 1969). The vicinity of the
Hii region is often referred to as the central core of Mon R2, but to avoid confusion with
dense cores, in this work it shall be called the central hub (after the filamentary hubs
of Myers 2009 and Peretto et al. 2013). A further three less-compact (and in one case
highly extended) Hii regions surround the central UCHii region, to the north, east, and
west. The surroundings of Mon R2 are shown in Figure 3.1.
Chemically, the central hub is quite rich, containing many molecules associated
with star-formation, such as CS, H2CO, SO, and HCN (Loren et al., 1974; Kutner &
Tucker, 1975), and HCO+, NH, CH, and NH3, recently detected with Herschel -HIFI
(Fuente et al., 2010; Pilleri et al., 2012). In addition to this, OH and H2O masers
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have also been detected around the central hub (Downes et al., 1975; Knapp & Brown,
1976). The double-peaked shapes of the molecular lines indicate large-scale collapse (and
potentially rotation; Loren, 1977; Howard et al., 1994), with outflows spreading several
parsecs to the north-west and south-east adding to the complexity of the region (Bally
& Lada, 1983; Wolf et al., 1990). The magnetic fields in the central region have the same
orientation as the outflows (Hodapp, 1987). The most recent observations (Choi et al.,
2000; Rizzo et al., 2003, 2005) show a chemical distinction between the Hii region and
its surroundings, which contain molecular tracers of both high density, and reactive ions
(CO+, HOC+), showing both compressive and ionising effects of the Hii region.
Photometric studies in the mid-infrared (1.65–20µm; Beckwith et al., 1976) show
that the central hub is formed of several smaller sources, likely embedded young stellar
and protostellar objects (YSOs). The shapes of the source spectra suggest that one of
these, Mon R2 IRS 1 (HOBYS J060746.1 −062312, source 2 in the Mon R2 catalogue,
Appendix B.1), which is likely a young B0 star, is responsible for ionising the Hii region.
Certain other sources are obscuring the 1.65µm Hii emissions, suggesting that these are
located on the near edge of the region. In a recent study, (Dierickx et al., 2015) have
looked at the central hub with even higher resolution (albeit at mm, rather than MIR
wavelengths). Generally, their results fit well with the observations of Beckwith et al.
(1976), providing higher resolution measurements of a few of the sources detected in the
hub, especially source IRS 5 (HOBYS J060745.5 −062239, source 3 in the catalogue),
which they classify as an intermediate-to-high mass young star, still in the process of
accretion, with prominent small scale (10′′, or 0.04 pc) outflows in 12CO. In addition,
many other smaller-scale outflows were observed, associated with other nearby sources.
Finally, they use the distribution and ages of the sources within the hub to suggest that
the sources are forming due to competitive accretion (Bonnell & Bate, 2006), rather
than triggered star formation (Hodapp, 2007).
In addition, the central hub also contains a dense (∼ 9000 stars pc−3) cluster
of nearly 500 stars and YSOs, visible in the near-infrared (J, H, and K bands, 1.2–
2.2µm; Carpenter et al., 1997). The cluster itself is also centred around the massive B0
source IRS 1, which seems to be the most massive star in the cluster, with a mass of
approximately 10 M. The cluster initial mass function (IMF: a histogram detailing the
distribution of initial stellar masses within a population of stars; Andersen et al., 2006) is
consistent with the Chabrier (2003) galactic IMF. Many of these stars, including IRS 1,
have been observed in the X-ray band with Chandra (X-rays are emitted heavily by
YSOs, and generally pass unimpeded through dense regions, making them good tracers
of star formation; Kohno et al., 2002; Nakajima et al., 2003). Spitzer data can be used
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to determine the stars’ relative evolutionary stages: the most evolved stars are evenly
distributed throughout the cluster, while the younger stars are more concentrated at the
centre (Gutermuth et al., 2009).
A much more detailed look at the literature on the region Mon R2, including
its surrounding subregions, and its magnetic structure, can be found in Carpenter &
Hodapp (2008).
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Figure 3.1. The Mon R2 locale, as viewed by IRAS 12µm (blue), 25µm (green), and
100µm (red). The region mapped by Herschel is shown in the white diamond, although
the molecular cloud extends out to the west (labelled “A”) and north (“B”). The edge
of the Orion Molecular Cloud is visible at the north-west of the image (“C”).
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3.2 Observations of Monoceros R2
3.2.1 The Herschel Observations
Mon R2 was observed on 4 September 2010, with Herschel , using the photometers
in the SPIRE and PACS instruments (see Section 1.3.1). The maps were made in Parallel
Mode, using both PACS and SPIRE simultaneously, with two non-parallel scans over
the region, scanning at 20′′/s, and covered five wavebands (70µm, 160µm, 250µm,
350µm, and 500µm). The area of overlap between the two instruments’ scans was about
0.85◦× 0.85◦, centred on the J2000 coordinates 06h07m30s−06◦15′00′′. The observations
were made as part of the HOBYS survey (see Sections 1.3.2 and 6.5). The data were
reduced using the Herschel Interactive Processing Environment (HIPE, version 11.1.0;
see Section 2.2).
Figure 3.2 shows a three-colour (70µm, 160µm, 250µm) map of the region, and
Figures A.1–A.5 in Appendix A.1 show maps at 70µm, 160µm, 250µm, 350µm, and
500µm, respectively. The most striking feature of the Herschel maps of Mon R2 is its
central hub (seen in Figure 3.3), which is very bright in all five wavebands. This is
located at what appears to be the junction (or hub; Myers, 2009) of several prominent
filaments, which are also obvious at most wavelengths. The interior structure appears
to be formed from the tips of the filaments, perhaps due to material flowing along the
filaments themselves. Many compact sources are visible in the region, including most
of those numbered in Figure 3.3, but in order to find these sources more objectively,
a source-finder is needed (see Section 2.3). A reasonably large amount of this large-
scale filamentary structure is even visible at 70µm, especially around the central hub,
suggesting that these regions are relatively hot, and indeed these regions correspond to
the surrounding less-compact Hii regions.
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Figure 3.2. Monoceros R2 as viewed by Herschel : PACS 70µm in blue; PACS 160µm
in green; and SPIRE 250µm in red. The region inside the black box is shown in more
detail in Figure 3.3.
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Figure 3.3. Monoceros R2 central hub as viewed by Herschel : PACS 70µm in blue;
PACS 160µm in green; and SPIRE 250µm in red. This region is shown inside the black
box in Figure 3.2 and is the same as for Figure 2.1). The points represent the mid-
infrared sources Mon R2 IRS 1–7, which were detected between 1.65µm and 20µm by
(Beckwith et al., 1976). The black circle shows the approximate extent of the central
Hii region, which is excited by Mon R2 IRS 1 (red).
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3.2.2 Ancillary Observations
Many other telescopes have observed Mon R2, including the Spitzer Space Tele-
scope (see Figure 3.4). Similar to Herschel , Spitzer carries three instruments, two of
which were used for photometric measurements. IRAC (the InfraRed Array Camera;
Fazio et al., 2004) observed Mon R2 at four wavelengths: 3.6µm, 4.5µm, 5.8µm, and
8.0µm and MIPS (the Multiband Imaging Photometer for Spitzer ; Rieke et al., 2004)
observed at three: 24µm, 70µm, and 160µm, although the longer two have since been
superseded by the Herschel data. The observations show the hot gas excited by the Hii
regions very well, and are beginning, especially in IRAC, to show the young stars in
that direction. Indeed, the exciting star of the extended northern Hii region, HD 42004,
(labelled on Figure 3.4) is visible even at 24µm. Although the Spitzer bands are all
saturated to an extent near the central hub, structure can still be seen (see Figure 3.5).
While the structure of the hub can still be seen to an extent, the exact shape is notice-
ably different, which is to be expected, as the Spitzer bands trace the hot gas close to
the Hii region, while the Herschel bands trace the cold dust farther out.
Other mid-infrared observations of Mon R2 have been carried out by WISE
(the Wide-field Infrared Survey Explorer; Wright et al., 2010), which observed Mon R2
at similar wavelengths to Spitzer (3.4µm, 4.6µm, 12µm, and 22µm), but with lower
resolution (see Figures A.7–A.9 in Appendix A.1). The image shows similar structure
to that as seen by Spitzer .
In addition, longer-wavelength observations have been made with the SCUBA-2
instrument (Holland et al., 2013; Chapin et al., 2013; Dempsey et al., 2013) on the JCMT,
at 850µm (Figure A.11 in Appendix A.1), and also 450µm, which have resolutions
similar to those of the Herschel 250µm and 160µm bands, respectively. Here, the basic
filamentary structure of the region can be seen, especially at 850µm, along with the
central hub. Due to atmospheric distortion, the 450µm observations did not provide any
useful information, and have not been used in the analysis. SCUBA-2 is not well-suited
to observe large-scale features, but smaller-scale structure, such as that of the central
region, can still be seen very well (see Figure 3.6), and is very similar in structure to the
central region at 250µm (see Figure 3.3).
One problem with using multiple instruments to construct the SED of an ob-
ject is the relative calibrations needed. Often, different instruments will be calibrated
differently, using different standard sources, with different assumptions used for back-
ground subtraction and are eventually released with different units. In addition, while
Herschel maps are faithful to structures across a great range of scales, an instrument
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like SCUBA-2 is only sensitive to smaller spatial scales (below ∼600′′), and thus any
direct comparison between data from the two instruments will necessitate the spatial
filtering of the Herschel data (Pattle et al., 2015). This is not necessary here, however,
as the sources that the SCUBA-2 data is being used to define are significantly below
600′′ in size, although it does mean that the SCUBA-2 data cannot be used to help con-
struct the column density maps (see Section 2.4.4). Even separate instruments on the
same telescope (such as PACS and SPIRE) can have separate reduction techniques (see
Section 2.2), although generally these will be easier to cross-calibrate. An advantage of
the getsources source-extraction routine (see Section 2.3.1) is that these conversions are
carried out as part of the routine.
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Figure 3.4. Monoceros R2 as viewed by Spitzer : IRAC 3.6µm in blue; IRAC 8.0µm
in green; and MIPS 24µm in red. The white diamond shows the region covered by both
PACS and SPIRE.
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Figure 3.5. Monoceros R2 central hub as viewed by Spitzer : IRAC 3.6µm. The units
are MJy/sr, and the region viewed is the same as for Figures 2.1 and 3.3. The white
patch to the southeast is an artefact due to the proximity of the bright hub.
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Figure 3.6. Monoceros R2 central hub as viewed by SCUBA-2 450µm (left) and 850µm
(right). The units are MJy/sr, and the region viewed is the same as for Figures 2.1 and
3.3.
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3.3 Analysis of Observations
The analysis of the Herschel data is given in detail in Chapter 2. The data
were reduced using the JScanamorphos and SPIA pipelines in HIPE (for PACS and
SPIRE, respectively). The getsources routine was run on the data (including the 24µm
MIPS band and the 850µm SCUBA-2 band, together with a high-resolution column
density map, Σ˜, and temperature-independent 160µm and 250µm maps, all described in
Section 2.4.4). Table 3.3 gives the maps/wavelengths used by getsources, and elsewhere
in the analysis.
Telescope Instrument
Wavelength
Use
(µm)
Herschel
PACS
70 getsources (full)
160 getsources (full*)
SPIRE
250 getsources (full*)
350 getsources (full)
500 getsources (full)
JCMT SCUBA-2 850 getsources (measurement only)
Spitzer
IRAC 3.6 Snapshot images only
MIPS 24 getsources (measurement only)
WISE
3.4 Catalogue flux
4.6 Catalogue flux
12 Catalogue flux
22 Catalogue flux
IRAM 30-m EMIR 1270–1410 Line observations (C18O, H2CO)
Table 3.1. A table showing the maps used in the analysis. The maps used by the
getsources routine are listed here, along with whether they were used for measurements
only, for detection and measurements (full), or used alongside a temperature-independent
map of that wavelength (full*; in this case the temperature-independent map was used
for detections, while the original map was used only for measurements). In addition,
the table gives the WISE wavelengths, which were used in SEDs but not measured by
getsources (the values were taken from the WISE catalogue), and the wavelength used
only for catalogue snapshot images (IRAC 3.6µm). Note that the column density map
Σ˜ was also input to getsources, but is not listed here. The IRAM 30-m observations are
discussed in Section 3.5.
As can be seen on the maps, the central maximum forms a partial ring structure,
seen at high-resolution images of individual wavelengths, while the temperature map
reaches its mamimum in the centre of this ring. This fits with the idea that the central
maximum contains an ultracompact Hii region, the effects of which are seen, both as a
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source of heat for the temperature map, and as a potential cause for the higher-density
shell around this. On the full region maps, similar effects can be seen with the three
more evolved Hii regions, all of which have a high column density, but low temperature.
Meanwhile, the inverse effect can be seen with the filaments which have high column
density, but a low temperature.
3.4 Discussion
In the 0.85◦× 0.85◦ (152 pc2) area covered by both PACS and SPIRE, getsources
(see Section 2.3.1) detects a total of 555 sources. Due to its multiple-wavelength scale-
decomposing extraction, getsources is far more reliable than single-wavelength sourcefind-
ers, but while it only measures sources detected with a significance of at least 5σ (as
detailed in Section 2.3.1, this σ value is found at a single spatial scale, rather than
the original maps themselves), not all of these sources can be measured to the same
signal-to-noise levels. Consequently, the sources detected must be cut down to only the
most reliable few, as described in Section 2.4.1. In total, 361 cores were not considered
robust (mostly due to poor detections at 160µm and 250µm), and thus the catalogue
was constructed of only 194 sources, the positions of which are shown in Figure 3.7. The
entire catalogue is given in Appendix B.1, with a summary given in Table 3.4. As can
be seen, almost all sources (188 of 194), whether protostellar or starless, lie within the
3 × 1022 cm−2 contour. 43 of these sources lie within the central hub, giving 145 sources
in the surrounding filaments. Of these sources, 40 are classified as protostars (16 within
the central hub), and a further 106 as gravitationally bound dense cores (14 of which are
within the hub). It should be remembered that those sources that reach the catalogue
are just a subset of the full number of sources in the region (see Section 2.4.3). While
the higher mass (above 1 M) sources in the outer parts of the region are likely to be
well-sampled, the lower mass sources, and those in the central hub, are almost certain
to be undersampled.
The high number of sources at the densest parts of the region seems somewhat
self-explanatory; after all, it makes more sense that the densest regions will produce
the most, and indeed, most massive, cores. In order to determine the relation between
local density and star-formation efficiency, some approximations must be made. The
column density (NH2) will be used instead of the true volumetric density; the former
can be found easily from the column density maps, but the latter requires knowledge of
the three-dimensional structure of the cloud. While this can be estimated for a single
core (and indeed must be, since without this, the core’s density, and thus stability,
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Temperature Mass Luminosity
Type Detections (K) (M) (L)
µ σ µ σ µ σ
Total 194 9.1–40 16 6.0 0.08–24 2.9 3.3 0.1–5000 76 420
(hub) 43 12–40 24 7.3 1.4–24 5.1 4.6 2.8–5000 340 850
Protostar 40 11–40 20 7.4 0.2–24 3.0 4.7 0.2–5000 270 890
(hub) 16 12–40 25 8.6 1.9–24 6.1 6.2 5.7–5000 680 1300
Bound 106 9.1–32 13 4.1 0.5–14 3.5 3.0 0.1–760 17 82
(hub) 14 12–32 21 6.6 1.5–14 5.6 4.0 2.8–760 120 200
Unbound 31 12–26 15 2.9 0.08–2 0.7 0.5 0.1–16 1.4 2.8
PoC 17 9.4–31 22 7.1 0.2–7.9 2.9 2.0 0.2–460 120 140
(hub) 13 15–31 25 5.8 1.4–7.8 3.4 1.9 6.3–460 150 150
Table 3.2. A table showing the overall results of the getsources run and catalogue
creation in Mon R2. Only “robust” sources (see text for details) are given here. The
parameter range mean values (µ) and standard deviations (σ) are also given. Note that
no unbound sources were detected in the central hub.
cannot be known), it is somewhat more difficult to estimate volume for an entire cloud.
The observed core formation efficiency (CFE) is now just the ratio of the mass in the
cores to the mass in the cloud. Figure 3.9 shows how the CFE changes with local
column density: a near constant value of ∼15% above an AV value of ∼10, and a
steep drop below this value. This fits with what is seen in other Herschel star-forming
regions (Ko¨nyves et al., 2015), and the more theoretical results of Lada et al. 2010 and
Clark & Glover, 2014, which also find star-formation above a minimum extinction AV of
∼8 (AK of 0.8). The drop-off in star formation occurs in the AV regime associated with
filaments (3.2–16; corresponding to a column density range of 3× 1021–1.5× 1022 cm−2),
while the flat 15% efficiency occurs in the range associated with the filamentary hub.
One more point to note is that getsources will not detect all sources (see Section 2.4.3);
indeed, it will only detect about a third of the sources present above an AV of 5. The
sources missed are generally those with the lowest masses (below 1 M for Mon R2),
so it is unlikely that the CFE is missing more than a factor of 2 at high extinctions.
Conversely, getsources works best at low extinctions, and thus the observed drop-off in
sources below an AV of 7 is not due to poor detections. A star-formation rate (SFR)
can also be found; this will be equal to CFE× /τ (in M yr−1), where  is the star-
formation efficiency of any given core (assumed to be 50%; Matzner & McKee, 2000),
and τ is the evolutionary timescale (∼105 years; Andre´ et al., 2008). This gives a SFR
in the hub and filamentary regions of ∼7.5× 10−7 M yr−1, although it should be noted
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that this does depend strongly on the values chosen for  and τ .
An even more extreme difference between these two regions can be seen in the
PDFs (see Section 2.4.5). Here, we see evidence of two distinct regions (three if one
includes the diffuse background): a middle-density region of gravitationally bound ma-
terial, which corresponds to the filaments; and a high-density region of material com-
pressed potentially by the surrounding Hii regions, which corresponds to the central
region.
The difference between these two regions can also be seen in the properties of
the cores themselves. Two diagrams comparing source properties are shown below.
Figure 3.10 shows mass against radius, and Figure 3.11 shows luminosity against mass.
In both diagrams, the blue diamonds are protostars, the green squares are dense starless
cores, the red triangles are unbound clumps, and the orange circles are pieces of cloud
(see Section 2.4.1). Filled shapes are from the central region, while open shapes are from
the outer regions (note that this includes the few sources from the diffuse background as
well as those from the filamentary regions). The luminosity vs mass diagram also shows
evolutionary tracks of the form used by Andre´ et al. (2008), for four protostars with initial
masses 0.6 M, 2.0 M, 8.0 M, and 20.0 M (Glenn White, private communication).
These models assume a luminosity at any time given by:
Lbol =
GM?Menv
τR?
+ L? (3.1)
where G is the gravitational constant; M? is the mass of the protostar alone (i.e. not
the envelope); Menv is the mass of the envelope alone;  and τ are as defined above
(the individual star formation efficiency and the evolutionary timescale, again set to
50% and 105 years, respectively; R? is the protostellar radius; and L? is the luminosity
of the protostar alone. The model also assumes that the protostar only accretes from
its envelope, which never gains any mass from its surroundings (core accretion, rather
than competitive accretion). The stars would initially start off as bound cores of the
given mass and negligible luminosity, before collapsing, increasing in temperature, and
thus luminosity. Eventually, the core will begin to lose mass, both to the protostar (the
mass of which is not included in the “core mass”) itself, and also by feedback to the
surroundings. More details on the process of star-formation are given in Sections 1.1
and 1.2.
On both diagrams, there is a marked distinction between the central sources and
the outer sources, with the central sources being generally far more advanced along the
higer-mass evolutionary tracks. Indeed, the distinction is much more visible than the
3.4. Discussion 91
difference between protostellar and starless cores. The central sources are generally more
massive, much more luminous, smaller, and warmer. This seems to imply that there are
two different modes of star formation at work here: one working with much brighter,
warmer cores and the other with cooler, less bright cores.
92 Chapter 3. Herschel Observations of Monoceros R2
Figure 3.7. The positions of the best 194 sources detected by getsources, on the
getsources-detected filament map. Potential protostars are shown in blue, dense starless
cores in green, unbound sources in red, and pieces of cloud in orange (see Section 2.4.1).
The contours are at column densities of 3 × 1021 cm−2 and 1.5 × 1022 cm−2. The central
region (the region within the red box) is shown more clearly in Figure 3.8.
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Figure 3.8. As for Figure 3.7, focusing on the central hub. The region viewed is the
same as for Figures 2.1 and 3.3.
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Figure 3.9. Observed core formation efficiency against extinction level for Mon R2 (in
extinction, AV; see Section 2.4.5). The dashed lines are at extinction levels of 3.2 and
16 (vertical) and the dotted line is at a CFE of 0.15 (horizontal).
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Figure 3.10. Mass versus 160µm radius for Mon R2 sources (deconvolved where ap-
propriate). Protostellar sources are represented by the blue diamonds; bound starless
cores by the green squares; unbound clumps by red triangles; and pieces of cloud by
orange circles. The minimum FWHM is half the beam size of the reference wavelength
(either 160µm or 250µm).
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Figure 3.11. Luminosity versus mass for Mon R2 sources. The evolutionary tracks are
described in the text. Otherwise as for Figure 3.10.
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3.5 IRAM 30-m Observations
In addition to the aforementioned observations, Mon R2 has also been observed
with EMIR (Carter et al., 2012), an instrument on the IRAM 30-m telescope (Baars et
al., 1987), which works in the range 83–360 GHz. The IRAM 30-m telescope is located
on the Sierra Nevada in Andalusia, Spain, and is one of the two observatories operated
by the Institut de Radioastronomie Millime´trique (IRAM), along with the Plateau de
Bure Interferometer. It currently has two heterodyne receivers, EMIR and also HERA
(the Heterodyne Receiver Array; Schuster et al., 2004), and several continuum cameras,
including GISMO (the Goddard-IRAM Superconducting 2mm Observer, a bolometer
camera; Staguhn et al., 2008) and NIKA (the New IRAM KID Array, which uses Kinetic
Inductance Detectors to observe at 1.25 mm and 2 mm; Monfardini et al., 2010).
In this case, EMIR observed about 100 square arcminutes of the central hub
of Mon R2 (centred on the J2000 position 06h07m46.2s −06◦23′08′′) in seven separate
observations between 12th September and 10th November 2014, over two frequency
bands, with ranges of 213–221 GHz and 229–237 GHz, looking specifically for the car-
bon monoxide lines in that range (CO, 13CO, and C18O, all J=2→1; formaldehyde,
H2CO, was also observed). The data were reduced with the CLASS/GILDAS software
(see http://www.iram.fr/IRAMFR/GILDAS/ for more details). Although a quantitative
analysis of the observations is beyond the scope of this thesis, a qualitative overview will
still prove useful for understanding the hub’s structure. Note that the outflows seen by
Dierickx et al. (2015) were too small to be resolved by these observations, which were
intended to observe the larger-scale structure of the hub itself, rather than the structures
of individual sources.
The CO (230.54 GHz) and 13CO (220.40 GHz) lines were both very strong, so
much so that both became optically thick at their strongest points. This meant that
only the front of the hub was visible; any internal structure was lost. Consequently,
neither line is of much use here. C18O (219.56 GHz), on the other hand, is still optically
thin at the hub, and so it can be used as a tracer of structure. Its intensity is generally
proportional to the local density, so it is a good tracer of both cores and filaments,
although it can freeze out (adsorb onto dust grains) in the densest cores. The freeze-out
of the more common isotope (CO) can lead to the formation of H2CO, which can only
form in this manner in the coldest (.12 K), and thus densest, prestellar cores (Woon,
2002). While H2CO also forms in gas-phase interactions, its presence in the hub (detected
at 218.22 GHz, J=3→2 Bocquet et al., 1996) suggests that the cores in the hub are both
cold and dense, despite the high temperature of the overall region (>40 K at the hub, as
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seen in the temperature maps in Sections 2.4.4 and 3.4).
Figure 3.12 shows individual slices through the data. To construct this map,
each individual observation was divided into nine 1 kms−1 spaced velocity channels,
with central values 6–14 kms−1. Within these channels, mean line intensity values were
found, and the values were then mapped together, with a grid size of ∼10′′. Looking at
the individual cuts, a very good overlap with the continuum filamentary structure (as
detected by getsources, see Section 2.3.1) can be seen, especially in the brightest velocity
maps (9 kms−1 and 10 kms−1). An overall velocity gradient can be seen, with more
northerly filaments on average travelling more slowly than the more southerly filaments,
but it is clear that the entire hub is a single region, and not the result of superposition.
In addition, an anticlockwise spiral pattern can be seen, especially between 8 kms−1 and
11 kms−1, suggesting gravitational collapse into the centre of the hub. This can also be
seen in the velocity map, Figure 3.13. The velocity map was constructed by finding
the position (in velocity space) of the peak value of each observation, and mapping
these together. Here, the lower-velocity northern spiral arm is visible in purples and
black, while the higher-velocity southern arms are reds and yellows. The position of the
southern arm is coincident with the end of the eastern filament, and the nothern arm is
close to the south-western filament, consistent with the idea that matter may be flowing
along the filaments towards the hub.
Individual slices through the H2CO data-cube (Figure 3.14) do not show as much
filamentary structure as with C18O (as expected, since H2CO traces only the coldest,
densest cores, while C18O traces the density throughout the region). The basic velocity
structure can again be seen, with the lowest velocities at the north. It can also be seen
to match up quite well with observed sources, with many sources either on or very close
to peaks in the H2CO map. The most obvious peak, in the lower-velocity, northern
filament is associated with the dense core HOBYS J060747.5 −062203 (source 29 in the
catalogue), while around this, a few more minor peaks are associated with other sources,
including the brightest source in the region, HOBYS J060747.7 −062256 (Mon R2 IRS
3). Meanwhile, another bright peak in the higher-velocity south is likewise associated
with multiple sources; in total at least eighteen sources are associated with peaks in
the H2CO maps. As these sources are almost certainly real, rather than superposition
effects or artefacts of extraction, they have been assinged the type “bound dense core”,
unless already protostellar. These sources are marked with an asterisk in Appendix B.1.
Note that these peaks in the H2CO map only persist for at most 2 km s−1, suggesting
that they are indeed bound structures (a more rigorous examination of the kinematics
involved is beyond the scope of this thesis).
3.5. IRAM 30-m Observations 99
Figure 3.12. C18O obervations of the Mon R2 central hub, at velocities of 6–14 kms−1.
The contours show the filamentary structure of the region, as measured by getsources.
All nine maps have the same colour scale. Note that these maps do not cover exactly
the same area as the previous maps of the central hub, instead covering an area of 540′′
×540′′, centred on the J2000 coordinate 06h07m46.2s −06◦23′08′′.
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Figure 3.13. Velocity map derived from the C18O obervations of the Mon R2 central
hub. The region to the east had very low density, and so no robust velocity values could
be found.
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Figure 3.14. H2CO observations of the Mon R2 central hub. Otherwise, as for Fig-
ure 3.12.
102 Chapter 3. Herschel Observations of Monoceros R2
3.6 Conclusions
Monoceros R2 is a region showing a large amount of medium-to-high mass star
formation. At its centre is a dense, bright region of massive star and cluster formation,
associated with an ultra-compact Hii region. This central region is also the hub of
multiple filamentary spokes, which spread for many parsecs in all visible directions.
The getsources routine, which detects sources at Herschel and other mid-infrared
to submillimetre wavelengths by decomposing the maps into separate scales and com-
bining these across all wavelengths, was applied to the Mon R2 maps, finding 43 sources
(protostellar and starless) in the central region, and 145 sources in the surrounding fil-
aments. These two regions seem to define separate regimes of star formation: there is
very little overlap in the mass-radius and luminosity-mass diagrams between the sources
from the centre and the filaments, and indeed, more overlap between protostellar and
starless sources.
The local CFE of the region depends heavily on the column density, with sources
above ∼ 1.5 × 1022 cm−2 forming with a near constant efficiency of 15%, while below
this column density, the efficiency quickly drops. In addition, the column density PDF
shows two separate high–column-density regimes, above and below 1.5× 1022 cm−2: one
consisting of lower-density filamentary regions, and likely dominated by self-gravity; the
other found at the central region, and potentially dominated by feedback effects from
the Hii regions.
More detailed conclusions, involving all studied regions, will be given in Chap-
ter 7.
Chapter 4
Herschel Observations of
NGC 2264
4.1 Introduction
Mon OB1
As with Mon R2 (see Chapter 3), Mon OB1 lies on the galactic plane (about 2◦ north),
diametrically opposite the galactic centre. Despite its great distance from Mon R2
(∼20◦, or about 250 pc), both lie about the same distance from the Sun, Mon R2 at
830 pc, and Mon OB1 at between 750 (Dahm, 2008) and 913 pc (Baxter et al., 2009).
In the mid-infrared, Mon OB1 forms a half-loop, with NGC 2264 at the eastern edge
and Mon R1 (see Chapter 5) at the west. The northern part of the loop is NGC 2259,
which was not observed by HOBYS, while the southern part is mostly empty, aside
from a few smaller patches of nebulosity (such as NGC 2241) and young stars (such as
R Monocerotis; Schwartz, 1987). The diameter of this loop is about 80 pc. An IRAS
map of the surrounding region is shown in Figure 4.1. In the near-infrared and visible,
NGC 2264 remains bright, due to excitation from its associated stars, while the rest of
the region appears only in extinction.
CO observations (Kutner et al., 1979; Oliver et al., 1996) show an apparent
kinematic divide between Mon R1 and NGC 2264, suggesting that at least the southern
part of Mon R1 is not physically associated with NGC 2264 and the rest of Mon OB1.
Mon R1 will be covered in more detail in Chapter 5.
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Figure 4.1. The Mon OB1 locale, as viewed by IRAS 12µm (blue), 25µm (green),
and 100µm (red). The regions mapped by Herschel are shown: NGC 2264 in red and
Mon R1 in blue. NGC 2259 (A) can be seen between and to the north of these two
regions. The galactic equator is shown by the white line, and the bright region to the
far south (B) is the Rosette Nebula.
4.2. Observations of NGC 2264 105
NGC 2264
The New General Catalogue (Dreyer, 1888) object NGC 2264 is a part of the Mon OB1
OB-star–forming association, and contains a young cluster and its surrounding reflection
nebulae. In visible light, NGC 2264 appears as an open cluster of a few reasonably bright
stars, with reflection nebulae visible at the northern and southern edges. Due to its
shape, the cluster is often referred to as the “Christmas Tree Cluster”, while the nebulae
are the “Cone” and “Fox Fur” nebulae. In the mid-infrared, Spitzer shows a second,
younger cluster at the centre of the Christmas Tree; it has been given the thematically
appropriate name: “Snowflake Cluster”. In addition, the two visible nebulae are revealed
to be part of a single giant molecular cloud. The most massive star in the cluster is S
Monocerotis (or 15 Mon), an O7V type binary, which has been suggested as the ionising
source for much of the visible nebulosity, including the Cone Nebula (Schwartz et al.,
1985).
Due to the molecular cloud’s high opacity to background stars, combined with
low foreground extinction, NGC 2264 is a good region for studying the young cluster
stars (e.g. Park et al., 2000), and observations show good agreement with the local IMF
(initial mass function). Observations have also shown an abundance of younger, Hα-
emitting T-Tauri stars within the region, mainly associated with the regions of denser
nebulosity (Herbig, 1954; Adams et al., 1983; Dahm & Simon, 2005). Recent kinematic
studies (Tobin et al., 2015) suggest that the cluster is made up of multiple subclusters,
which are heavily affected by feedback from the star S Mon.
4.2 Observations of NGC 2264
4.2.1 The Herschel Observations
NGC 2264 was observed on 24 September 2010, with Herschel , using the pho-
tometers in the SPIRE and PACS instruments (see Section 1.3.1). The maps were made
in Parallel Mode, using both PACS and SPIRE simultaneously, with two non-parallel
scans over the region, scanning at 20′′/s, and covered five wavebands (70µm, 160µm,
250µm, 350µm, and 500µm). The area of overlap between the two instruments’ scans
was about 1.25◦× 0.95◦, centred on the J2000 coordinates 06h41m00s +09◦27′00′′. The
observations were made as part of the HOBYS survey (see Sections 1.3.2 and 6.5). The
data were reduced using the Herschel Interactive Processing Environment (HIPE, ver-
sion 11.1.0; see Section 2.2).
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Figure 4.2 shows a three-colour (70µm, 160µm, 250µm) map of the region,
and Figures A.12–A.16 in Appendix A.2 show maps at 70µm, 160µm, 250µm, 350µm,
and 500µm, respectively. The region exhibits strong dust emission, although only a
few filaments are obvious, especially when compared with Mon R2 (Chapter 3). A hot
region (the Fox Fur Nebula) is visible to the north of the map, while a dense cluster
is visible in the centre (the aforementioned “Snowflake Cluster”). The area within the
black box (including the cluster) is shown in more detail in Figure 4.3. Sources are
visible throughout the region, especially within the cluster, but in order to find sources
objectively, a sourcefinder such as getsources is needed (see Section 2.3.1).
4.2.2 Ancillary Observations
NGC 2264 is a highly studied region of space, and has been observed by the
Spitzer and WISE space telescopes, and the IRAM 30-m telescope, among others. The
Spitzer space telescope has observed the region at 3.6–8.0µm with IRAC, and at 24µm
with MIPS, although the coverage was only over part of the Herschel region. Figure 4.4
shows the region at 3.6µm, 8.0µm, and 24µm. Likewise, Figures A.17–A.20 (in Ap-
pendix A.2) shows the region at 3.4µm, 4.6µm, 12µm, and 22µm, as observed by the
WISE space telescope.
The IRAM 30-m observations were carried out with the MAMBO instrument
(the Max-Planck Millimetre Bolometer) at 1200µm. These observations covered even
less than those of Spitzer , only observing the central cluster, and are shown in Figure 4.5.
4.2. Observations of NGC 2264 107
Figure 4.2. NGC 2264 as viewed by Herschel : PACS 70µm in blue; PACS 160µm
in green; and SPIRE 250µm in red. The region inside the black box is shown in more
detail in Figure 4.3.
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Figure 4.3. NGC 2264 cluster as viewed by Herschel : PACS 70µm in blue; PACS
160µm in green; and SPIRE 250µm in red. This region is shown inside the black box in
Figure 4.2. The cluster is centred around the two IR sources, NGC 2264 IRS 1 (Allen’s
Source; Allen, 1972) to the south, and IRS 2 (Schwartz et al., 1985) to the north.
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Figure 4.4. NGC 2264 as viewed by Spitzer : IRAC 3.6µm in blue; IRAC 8.0µm in
green; and MIPS 24µm in red. The diamond shows the region covered by both PACS
and SPIRE.
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Figure 4.5. NGC 2264 as viewed by MAMBO at 1200µm. The area shown is the same
as for Figure 4.3.
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4.3 Analysis of Observations
The NGC 2264 data were reduced in a similar fashion to that of Mon R2 (see
Chapter 2). The PACS data were reduced with JScanamorphos, and the SPIRE with
the SPIA pipeline, both with the same input parameters as for Mon R2. Column density
and temperature maps were made of the region (Figures 4.6 and 4.7), and getsources
was run (using the MAMBO data as an input in place of the SCUBA-2 data used for
Mon R2). Table 4.3 gives the maps/wavelengths used by getsources, and elsewhere in
the analysis.
Figure 4.6. NGC 2264 high-resolution column density map, in cm−2. The contours
are at column densities of 3 × 1021 cm−2 (white) and 1.5 × 1022 cm−2 (black).
Looking at the column density map, we see that the region looks to be a single
long (∼20 pc in the visible map), thin (∼2 pc wide) structure. A similar, but shorter,
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Figure 4.7. NGC 2264 temperature map, in K. The contours are at column densities of
3 × 1021 cm−2 (white) and 1.5 × 1022 cm−2 (black). The white cross shows the position
of O7V star S Mon.
structure seems to intersect with the main structure at the central point (around the
north of the cluster). Whether this is responsible for the cluster’s formation, or due to
it, is not clear from these maps. The temperature map shows a very hot region to the
north, in the same position as the visible “Fox Fur Nebula”. This is associated with
a very diffuse region of the column-density map, suggesting a recent burst of feedback
from whatever stars were forming at that point (potentially including the nearby O7V
star S Mon, shown in Figure 4.7 as a white cross). Meanwhile, the densest part of the
region, the central cluster, is generally much cooler than its surroundings, since the high
density protects the region from external radiation. The centre of the southern part of
the cluster is an exception (similar to the central region of Mon R2, Chapter 3), as it
4.4. Discussion 113
Telescope Instrument
Wavelength
Use
(µm)
Herschel
PACS
70 getsources (full)
160 getsources (full*)
SPIRE
250 getsources (full*)
350 getsources (full)
500 getsources (full)
IRAM 30-m MAMBO 1200 getsources (measurement only)
Spitzer
IRAC 3.6 Snapshot images only
MIPS 24 getsources (measurement only)
WISE
3.4 Catalogue flux
4.6 Catalogue flux
12 Catalogue flux
22 Catalogue flux
Table 4.1. A table showing the maps used in the analysis. The maps used by the
getsources routine are listed here, along with whether they were used for measurements
only, for detection and measurements (full), or used alongside a temperature-independent
map of that wavelength (full*; in this case the temperature-independent map was used
for detections, while the original map was used only for measurements). In addition,
the table gives the WISE wavelengths, which were used in SEDs but not measured by
getsources (the values were taken from the WISE catalogue), and the wavelength used
only for catalogue snapshot images (IRAC 3.6µm). Note that the column density map
Σ˜ was also input to getsources, but is not listed here.
is both dense and reasonably warm (although not as hot as the northern hot region);
this is probably heated by IRS 1, although the region around IRS 2 also shows some
warming.
4.4 Discussion
In NGC 2264, getsources detects a total of 513 sources. As before, these must
be cut down to give only the best detections. A total of 375 sources were excluded using
the methods given in Section 2.4.1, giving a total of 138 sources (shown in Figure 4.8);
the catalogue is given in Appendix B.2, and a summary is given in Table 4.4. As with
Mon R2, almost all of the sources (129) lie above the 3 × 1021 cm−2 column density
threshold, and 28 lie in the central cluster.
A reasonably large number (21) of these sources are more massive than 10 M,
and the fit to a single source (HOBYS J064127.0 +092226; source 60 in the NGC 2264
catalogue) is about 40 M (the SED is shown in Figure 4.9, and the core snapshots
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Temperature Mass Luminosity
Type Detections (K) (M) (L)
µ σ µ σ µ σ
Total 138 8.3–33 15 5.0 0.05–38 5.0 7.0 0.1–1300 28 150
(cluster) 28 9.0–33 20 5.5 0.3–30 6.2 7.1 0.4–1300 130 320
Protostar 49 11–33 18 4.8 0.1–15 2.3 3.2 0.2–1200 43 180
(cluster) 21 12–33 20 5.1 0.3–15 3.8 3.6 0.4–1200 97 260
Bound 59 8.3–30 12 3.3 1.0–38 8.8 8.1 0.1–1300 26 170
(cluster) 3 14–30 22 8.4 11–24 16 7.2 16–1300 470 700
Unbound 9 13–25 17 3.6 0.05–1.8 0.6 0.5 0.2–2.6 1.6 0.9
PoC 21 9.0–24 17 4.2 0.07–30 2.8 6.6 0.3–140 9.6 31
(cluster) 4 9.0–22 16 5.6 3.0–30 12 12 1.5–140 43 68
Table 4.2. A table showing the overall results of the getsources run and catalogue
creation in NGC 2264. Only “robust” sources (see text for details) are given here. The
parameter range mean values (µ) and standard deviations (σ) are also given.
in Figure 4.10). About half of these massive dense cores (including HOBYS J064127.0
+092226) are in, or associated with, the central cluster, and are thus small in size,
suggesting a high density of material associated with the cluster, although a few are
larger objects associated with more diffuse parts of the region.
Although NGC 2264 does not contain nearly as much filamentary structure as
Mon R2, there is still a lot of structure. Almost half of the region is over 3 × 1021 cm−2,
which was the threshold used to find “filaments” in Mon R2. The filaments as determined
by getsources (see Section 2.3.1) fit very well within this region, in several cases forming
the higher-density region’s boundary, and only being detected at lower column densities
at the very north of the observed region (including the high-temperature region seen at
the north of Figure 4.7). More than half of the robust sources (74, or 54%) lie on the
getsources-defined filaments.
As with Mon R2 (Chapter 3), PDFs of the region can be constructed (Figures 4.11
and 4.12). Again, a similar structure can be seen in the column density PDF: below
∼ 3 × 1021 cm−2, the shape of the PDF is that of a lognormal curve, indicating random
turbulent structure; between ∼ 3× 1021 cm−2 and ∼ 1.5× 1022 cm−2, the shape is that of
a steep power-law, which seems to be indicative of gravitational interactions; and above
∼ 1.5 × 1022 cm−2, the PDF follows a shallow power-law, which could be indicative of
feedback from star-formation. Once again, the three regions of the PDF correspond well
to the three parts of the region: the turbulent background, the gravitationally bound
filamentary material, and the central cluster. The temperature PDF also shows a similar
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shape to that of Mon R2. A more thorough look at the PDF of NGC 2264 and other
regions is given in Section 6.3.
A plot of column density against temperature can also be made (Figure 4.13).
Once again, the major part of the region is at low temperatures and densities, although
there are significant deviations from this, one at higher temperature but low density
(likely the northern Hii region), and another at high densities and temperatures up to
∼22 K (likely the central cluster). Unlike in Mon R2, there is no obvious lobe heading
out to higher temperatures and densities.
In addition, a similar figure to Figure 3.9 can also be made for this region,
showing the observed core formation efficiency (CFE) at different column density levels
(here given as extinction, AV). This is shown in Figure 4.14. As can be seen, it is very
similar to the plot for Mon R2, with a near-constant CFE of ∼15% at high AV, which
drops off below an AV of about 16.
Plots comparing the derived quantities (mass, luminosity, and also the measured
FWHM) can be constructed, and are shown in Figures 4.15 and 4.16. Figure 4.15
shows a plot of mass against FWHM at 160µm: protostars (in blue) almost all have a
deconvolved FWHM smaller then the beam size (11.2′′), whether they have high or low
mass. The protostars within the cluster tend to be more massive than their external
counterparts. The outer starless cores (in gold) are all larger, and seem to show a slight
correlation between FWHM and mass (note that very few starless cores were found in
the cluster). Figure 4.16 shows a plot of luminosity against mass. Cluster protostars
are bright (often above 10 L), while the outer protostars are generally dimmer (as are
the starless cores). For the protostars, at least, there seems to be a correlation between
luminosity and mass, and the starless cores occupy a lower-luminosity regime. These
plots combined imply that the protostars in the cluster represent a different population
to those outside the cluster.
This all suggests that the region initially formed, and began star-formation, first
at the north, with S Mon (likely connected to the northern hot region), and more recently
at the centre. The central cluster protostars are all reasonably well evolved, and also
more massive and luminous than their outer-region counterparts, suggesting that star-
formation in the cluster is not only more likely to produce more massive protostars,
but also allows them to evolve earlier than those forming in more diffuse regions. How
NGC 2264 compares to other regions will be described in Chapter 6.
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Figure 4.8. The positions of the best 138 sources detected by getsources, on the
filament map. Potential protostars are shown in blue; dense starless cores in green;
unbound clumps in red; and pieces of cloud in orange (see Section 2.4.1). The contours
are at column densities of 3 × 1021 cm−2 and 1.5 × 1022 cm−2.
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Figure 4.9. The SED of the most massive dense core in NGC 2264 (HOBYS J064127.0
+092226). The core is associated with the southern part of the cluster, and the SED fit
gives a mass of 40 M, albeit with an error of ±20 M. The poor detection at 70µm
suggests that it is not protostellar, but its high mass suggests that it is bound. The low
value at 1200µm is likely due to a poor detection caused by the source’s position at the
edge of the region mapped by MAMBO.
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Figure 4.10. The snapshots of the most massive dense core in NGC 2264 (HOBYS
J064127.0 +092226). The shape of the core across the wavelengths suggests that it is a
cold, dense core (which fits with the SED given in Figure 4.9), associated with a warmer,
sparser region to the west (which can be seen in the Spitzer images). The colour bar
units are given at the lower left side of the snapshot.
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Figure 4.11. NGC 2264 column density PDF. Parameters are as for the Mon R2 PDF
(Figure 2.24).
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Figure 4.12. NGC 2264 temperature PDF.
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Figure 4.13. A plot of column density against dust temperature for NGC 2264. To
allow visualisation of the most crowded parts of the plot, every tenth point was coloured
blue, every hundredth point green, and every thousandth point red. The noticeable
striations at the centre of the plot are likely due to resolution or pixellisation effects;
this is unlikely to affect the overall shape of the plot.
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Figure 4.14. Core formation efficiency agains extinction level for NGC 2264. Other-
wise, as for Figure 3.9.
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Figure 4.15. Mass versus 160µm FWHM for NGC 2264 protostars (represented by the
blue diamonds), bound starless cores (green squares), unbound clumps (red triangles),
and pieces of cloud (orange circles). Sources from the central cluster are filled, while
others are open. The minimum FWHM is half the 160µm beam size [MOVE TO
FIRST SUCH PLOT].
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Figure 4.16. Luminosity versus mass for NGC 2264 cores. The points are shaped and
coloured as in Figure 4.15. The evolutionary tracks for cores of initial mass 0.6 M,
2 M, 8 M, and 20 M are also included.
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4.5 Conclusions
NGC 2264 is a region that shows a large amount of medium and high-mass star
formation, including a significant number of massive dense cores. At its northern end
is a hot, diffuse region that is most likely due to feedback from star-formation, while at
the centre of the region, a cluster of young protostars can be seen in a dense, somewhat
filamentary environment.
In total, 138 reliable sources are found by the getsources routine, both protostellar
and starless. While the numbers of each are roughly equal (49 protostellar sources and
59 starless, bound sources), their positions in the region are vastly different. The starless
cores are generally found in the filamentary regions, almost all below a column density of
1.5 × 1022 cm−2. Meanwhile, the protostellar sources are found more evenly throughout
the region (in terms of column density), with the most massive dense protostellar core
(14.6 M) found at 1.0 × 1023 cm−2, and with approximately half their number above a
column density of 1.5 × 1022 cm−2.
More detailed discussion and conclusions, involving all studied regions, will be
given in Chapter 7.

Chapter 5
Herschel Observations of
Monoceros R1
5.1 Introduction
Monoceros R1
Monoceros R1 (or Mon R1) is, like NGC 2264, part of the Mon OB1 complex (see
Section 4.1) and has thus been assumed to be at approximately the same distance. It
is, however, much less bright in the optical than its neighbour, being visible as only a
few dim reflection nebulae. Mon R1, like Mon R2, was first described in Van den Bergh
(1966). It consists of two smaller NGC objects, the reflection nebulae NGC 2245 and
NGC 2247, and a third reflection nebula, IC 446, associated with the young variable
star VY Monocerotis. The positions of these three nebulae and a fourth, IC 2169 to the
south, suggest a secondary ring-like structure (smaller than the Mon OB1 ring), some
10 pc in diameter.
The candidate Herbig Ae/Be star VY Mon varies between B8 and O9 (Ham-
aguchi et al., 2005), although it has also been suggested as M6 (Iijima & Ishida, 1978),
while its companion star, VY Mon G2, is a smaller A0 (Cohen & Kuhi, 1979). These are
associated with a small cluster of Class I protostars and Class II T Tauris. The other two
reflection nebulae are both excited by central B-type Herbig Ae/Be stars, LkHα 215 and
HD 259431 (Pavlova et al., 2005). Despite this, indicators of high mass star formation,
such as H2O and CH3OH masers, are not found around the nebulae (Bae et al., 2011).
As mentioned in Section 4.1, CO observations suggests a divide between the
northern and eastern parts of Mon R1, which are associated with NGC 2264 and the
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rest of Mon OB1, and the southern part, which appears to be unconnected. The ve-
locity difference is ∼4 kms−1, with the southern filament having relative velocities of
between −1 kms−1 and 0 kms−1 and NGC 2245 and NGC 2247 having relative velocities
of 3 kms−1 and 5 kms−1, respectively. VY Mon appears to exist at a point where both
clouds overlap, and velocities of both 0 kms−1 and 4 kms−1 have been measured there
(Kutner et al., 1979).
5.2 Observations of Mon R1
5.2.1 The Herschel Observations
Mon R1 was observed on 12 September 2010 with SPIRE and PACS in parallel
mode (see Section 1.3.1), as part of the HOBYS key time survey (see Sections 1.3.2
and 6.5). The scanning speed was 20′′/s, and the observations were made simultane-
ously at five wavebands (70µm, 160µm, 250µm, 350µm, and 500µm). The overlap
between the PACS and SPIRE observations was about 0.85◦ × 0.8◦, centred around
06h32m00s +10◦32′00′′. As before, the data were reduced with HIPE, version 11.1.0 (see
Section 2.2).
Figure 5.1 shows a three-colour (70µm, 160µm, 250µm) map of the region, and
Figures A.22–A.26 in Appendix A.3 show maps at 70µm, 160µm, 250µm, 350µm, and
500µm, respectively. Aside from three peaks, which are most obvious at the shorter
wavelengths and are associated with the three reflection nebulae NGC 2245, NGC 2247,
and IC 446 (VY Mon), the region is somewhat sparse. A few filaments are visible, mostly
connected with NGC 2245 and VY Mon, and a small cluster of YSOs is visible between
the three main peaks (the region in the smaller white box; shown in more detail in
Figure 5.2). The sources appear to be linked by a small amount of filamentary structure.
Other than these, only a few sources are visible, but in order to detect and characterise
sources in a systematic manner, the getsources sourcefinder (see Section 2.3.1) was again
used. Table 5.2.1 gives the maps/wavelengths used by getsources, and elsewhere in the
analysis.
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Telescope Instrument
Wavelength
Use
(µm)
Herschel
PACS
70 getsources (full)
160 getsources (full*)
SPIRE
250 getsources (full*)
350 getsources (full)
500 getsources (full)
Spitzer IRAC 3.6 Snapshot images only
WISE
3.4 Catalogue flux
4.6 Catalogue flux
12 Catalogue flux
22 getsources (measurement only)
Table 5.1. A table showing the maps used in the analysis. The maps used by the
getsources routine are listed here, along with whether they were used for measurements
only, for detection and measurements (full), or used alongside a temperature-independent
map of that wavelength (full*; in this case the temperature-independent map was used
for detections, while the original map was used only for measurements). In addition,
the table gives the WISE wavelengths, which were used in SEDs but not measured by
getsources (aside from the 22µm value; the other values were taken from the WISE
catalogue), and the wavelength used only for catalogue snapshot images (IRAC 3.6µm).
Note that the column density map Σ˜ was also input to getsources, but is not listed here.
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Figure 5.1. Mon R1 as viewed by Herschel : PACS 160µm in blue; SPIRE 250µm in
green; and SPIRE 350µm in red. The white diamond shows the overlap between PACS
and SPIRE; the region inside the small white box is shown in more detail in Figure 5.2.
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Figure 5.2. The Mon R1 central cluster as viewed by Herschel : PACS 160µm in blue;
SPIRE 250µm in green; and SPIRE 350µm in red. This region is shown inside the white
box in Figure 5.1.
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5.2.2 Ancillary Observations
This region has not been as frequently observed as Mon R2 or NGC 2264. Due
to its location on the galactic plane, Mon R1 was observed by Spitzer , but this was
during the Spitzer warm mission, when only the shortest two IRAC wavelengths (3.6µm
and 4.5µm) were still in operation (shown in Figure 5.3). A previous MIPS observation
only covered the immediate vicinity of the star VY Mon. However, Wide-field Infrared
Survey Explorer (WISE; Wright et al., 2010) observations of the region have also been
made, which although not as well-resolved as the Spitzer observations (12′′ at 22µm,
compared to Spitzer ’s 6′′ at 24µm), do cover the region, which the MIPS observations
do not. For this reason, the WISE 22µm observation was input to the getsources run.
The WISE observations (3.4–12µm) are shown in Figure 5.4.
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Figure 5.3. The Mon R1 region as viewed by Spitzer : IRAC 3.6µm in blue and 4.5µm
in green. PACS 160µm is shown in red. The white box shows the region observed by
both PACS and SPIRE.
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Figure 5.4. Mon R1 as viewed by WISE: 4.6µm in blue; 8µm in green; and 12µm
in red. The white box shows the region observed by both PACS and SPIRE. The ring
north of VY Mon is an “optical ghost”, an artefact caused by internal reflections within
the WISE telescope.
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5.3 Analysis of Observations
The Mon R1 data were reduced in the same manner as the data from the two
previous regions, Mon R2 and NGC 2264 (see Chapter 2). The data were reduced in
HIPE, using the JScanamorphos (PACS) and SPIA (SPIRE) pipelines. Column density
(Figure 5.5) and temperature (Figure 5.6) maps were constructed, and getsources was
run, although with WISE 22µm in place of the missing MIPS 24µm, and without any
wavelengths longer than 500µm.
Figure 5.5. Mon R1 high-resolution column density map, in cm−2. The contours are
at column densities of 3 × 1021 cm−2 (white) and 1.5 × 1022 cm−2 (black).
The column density map shows that the majority of the dust in the region is
in its centre, associated both with the cluster and also with the region directly to its
north. NGC 2245 to the south and, to a lesser extent, IC 446 to the west are also
associated with quite dense (although small) clumps of dust, which are connected to
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Figure 5.6. Mon R1 temperature map, in K. The contours are at column densities of
3 × 1021 cm−2 (white) and 1.5 × 1022 cm−2 (black).
the main section by filaments. Although not much is visible of the surroundings, there
is a much steeper density gradient to the south of the region than to the north. The
temperature map shows that the highest densities are again associated with the lowest
temperatures. Unlike the clusters in Mon R2 and NGC 2264, which are in dense but hot
environments, the cluster at the centre of Mon R1 is in a cold, dense part of the region.
The highest temperatures are associated with the three reflection nebulae. NGC 2245
appears to be an Hii region escaping from the filament in which it formed, something
also seen in several other HOBYS and HGBS regions, most notably RCW 36 in Vela-C
(Hill et al., 2011) and DR-21 in Cygnus-X (Hennemann et al., 2012). IC 446 appears
similar, but potentially further evolved, as the warm region has a greater extent, and is
visible even on the south side of the filament.
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5.4 Discussion
In Mon R1, the getsources routine detects 435 sources. Again, these were cut
down by the methods outlined in Section 2.4.1, and summarised in Table 5.4; only 179
sources were catalogued. Almost all of the sources that were removed were excluded
due to poor detections, both at 160µm and at other wavelengths. The positions of the
179 retained sources are shown in Figure 5.7. The majority (169) are found at column
densities above 3 × 1021 cm−2.
Temperature Mass Luminosity
Type Detections (K) (M) (L)
µ σ µ σ µ σ
Total 179 8.0–35 12 4.1 0.2–57 5.4 7.7 0.08–290 4.1 22
Protostar 25 8.4–35 17 6.5 0.2–10 1.4 2.1 0.08–290 17 56
Bound 86 8.1–23 11 1.8 0.6–57 7.8 9.1 0.08–33 1.6 4.0
Unbound 22 11–23 14 2.6 0.3–1.6 0.8 0.4 0.1–14 1.5 3.1
PoC 46 8.0–31 11 4.0 0.2–33 5.3 7.0 0.08–52 2.8 9.7
Table 5.2. A table showing the overall results of the getsources run and catalogue
creation in Mon R1. Only “robust” sources (see text for details) are given here. The
parameter range mean values (µ) and standard deviations (σ) are also given.
Of these sources, 28 have masses above 10 M; almost all of these are bound
sources. These are found scattered about the region, some associated with the central
cluster, some with the three reflection nebulae, and some in other parts of Mon R1. The
SED and source snapshots for a single massive dense core are shown in Figures 5.8 and
5.9 while the SED and source snapshots for the brightest protostar (associated with the
young OB variable VY Mon) are shown in Figures 5.10 and 5.11.
The figures show well the essential differences between a reasonably–low-mass,
hot protostellar core and a cold massive dense core. The massive core shows reasonably
strong detections at longer wavelengths (160–500µm), and in the column density map,
but nothing at the shorter wavelengths. Meanwhile, the protostar is very bright at all
wavelengths, but not visible on the column density map. In both cases, the SED is fit
well by the modified blackbody, fit to all wavelengths above 100µm.
Column density and temperature PDFs (see Section 2.4.5) of the region are
shown in Figures 5.12 and 5.13. Although the very basic shape is comparable to that
seen in Mon R2 and NGC 2264, the details are quite different. A lognormal can be fit
to the low column density part of the PDF, (shown in green), but the fit is not as good
as for the other regions, and the lognormal is very slender, with a σ value of only 0.1
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(Mon R2 and NGC 2264 both have values closer to 0.3), suggesting that the region is
more diffuse. However, the primary tail is very heavy (the slope is −1.9, much shallower
than the slopes of NGC 2264 and Mon R2, which are −2.6 and −2.8, respectively),
which suggests that most of the mass in the region is in gravitationally-bound clumps of
matter. The point at which the regimes change appears to be an AV of 2.5, which would
mean that 66% of the region (by area; 82% mass) is gravitationally bound. By contrast,
only 37% (57% by mass) of Mon R2 and 50% (69% by mass) of NGC 2264 are above
this value. This, combined with the noisy shape of the PDF, potentially indicates a high
amount of contamination from foreground and background sources, which would increase
the column densities (and cause the observed narrowing of the lognormal), giving a much
higher bound fraction for the region.
There is, however, no secondary excess to the PDF. Indeed, only 0.7% (3% by
mass) of the region has a column density of over 1.5 × 1022 cm−2, the approximate
threshold for the secondary tail as seen in the other regions. The secondary tail is
potentially formed by high-pressure feedback from massive star formation (Schneider et
al., 2015a, also see Section 6.3, for a more detailed look at PDF analysis). The fact that
nearly all of Mon R1’s most massive sources appear to be at a younger evolutionary
stage (bound starless cores), and thus would not have begun such feedback, seems to
back this theory up. Note that unlike the column density PDF, the temperature PDF
is very similar to those of Mon R2 and NGC 2264; the only major difference is the
shortness of the tail. Further comparisons with the other PDFs are given in Section 6.3.
Once again, a plot of column density against temperature can be made (Fig-
ure 5.14). The major part of the region is again at low temperatures and densities, but
there are minor deviations to higher temperature or higher density.
A figure of a similar nature to Figures 3.9 and 4.14, showing the core formation
efficiency for different AV levels, has been constructed for Mon R1, and is shown in
Figure 5.15. An obvious difference between this plot and those in previous chapters is
the low levels of extinction: while the Mon R2 and NGC 2264 plots get up to an AV
of 60, Mon R1 barely reaches 30, due to the comparatively low column densities in the
region. Despite this, the shape is the same. Another noticeable difference is the final
CFE value: in Mon R1 it is >40%, while in Mon R2 and NGC 2264 is it only ∼25%. This
would suggest that Mon R1 is an older region than the others, which may explain why it
shows multiple YSOs, but no obvious sites of intermediate-to-high mass star formation.
Once again, plots of derived quantities have been constructed, and are shown
in Figures 5.16 and 5.17. The plot of mass against deconvolved FWHM (Figure 5.16)
shows that the protostars (blue) are not only physically smaller than the bound cores
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(red), with almost all protostars having sizes below 0.05 pc (equivalent to the 160µm
beam size), while only one bound core is below this size, but also on average less massive,
with almost all protostars below 1 M, and almost all bound cores above this value. The
luminosity-mass plot (Figure 5.17) again shows the differences between the protostars
and bound cores. The bound cores, in addition to their higher masses, on average have
lower luminosities than the protostars.
The properties of the Mon R1 sources are generally consistent with this picture,
with the younger, starless cores at the starts of the tracks, and the older protostars
generally further along. One point to note is that while many bound cores fall along
the earlier part of the higher-mass tracks, only one protostar (the young OB variable
VY Mon) is significantly above even the 2.0 M track, which agrees with the idea sug-
gested above that while there are certainly massive cores that are beginning to undergo
star-formation, none (aside from VY Mon) has actually reached a stage where the star
itself is visible. Note that the star VY Mon itself has already accreted most of the mass
from its surrounding dense core, and thus its dust mass is very low (< 1 M).
Everything suggests that this region, unlike the previous two, is more homo-
geneous. Although there is a small cluster of protostars at the centre of the region,
associated with one of the densest parts, most of the mass in the region is spread out
across its entirety. While only one protostar is associated with a reasonably high-mass
dust envelope, there are numerous massive dense cores, which could be precursors to
single massive stars, or small stellar clusters. How this region compares to Mon R2 and
NGC 2264 will be discussed in more detail in Chapter 6.
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Figure 5.7. The positions of the best 179 sources detected by getsources, on the
filament map. Potential protostellar cores are shown in blue; dense starless cores in
green; unbound clumps in red and pieces of cloud in orange (see Section 2.4.1). The
contours are at column density levels of 3 × 1021 cm−2 and 1.5 × 1022 cm−2.
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Figure 5.8. The SED of HOBYS J063136.8 +103630, a cold massive dense core in
Mon R1. The fit gives a mass of 23± 6 M, and a temperature of 9.8± 0.4 K.
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Figure 5.9. Snapshots of HOBYS J063136.8 +103630, taken at 3.4µm, 22µm (WISE),
70µm, 160µm (PACS), 250µm, 350µm, 500µm (SPIRE), and the high-resolution col-
umn density map (Σ˜).
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Figure 5.10. The SED of source HOBYS J063106.9 +102604, a source associated with
the young OB variable star VY Mon (this is source 1 in the catalogue). The fit has a
mass of 0.7± 0.1 M and a temperature of 35± 1 K.
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Figure 5.11. Snapshots of HOBYS J063106.8 +102604, at the same wavelengths as
Figure 5.9.
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Figure 5.12. The column density PDF of Mon R1. A lognormal fit with a single
high-density power-law tail is also shown.
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Figure 5.13. The temperature PDF of Mon R1.
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Figure 5.14. A plot of column density against dust temperature for Mon R1. Once
again, every tenth point was coloured blue, every hundredth point green, and every
thousandth point red.
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Figure 5.15. Core formation efficiency against extinction level for Mon R1. Otherwise,
as for Figure 3.9.
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Figure 5.16. Mass versus 160µm FWHM for Mon R1 sources. Protostellar sources are
represented by the blue diamonds; bound starless cores by the green squares; unbound
clumps by red triangles; and pieces of cloud by orange circles. The minimum FWHM is
half the 160µm beam size.
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Figure 5.17. Luminosity versus mass for Mon R1 cores. The points are shaped and
coloured as in Figure 5.16. Evolutionary tracks of the form used by Andre´ et al. (2008)
are shown for four protostars with initial masses 0.6 M, 2.0 M, 8.0 M, and 20.0 M.
The source at the top of the plot is J063106.9 +102604, the dust source associated with
the young OB star VY Mon, which is also seen in Figures 5.10 and 5.11.
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5.5 Conclusions
The Mon R1 molecular cloud is a region of medium-to-high–mass star formation.
The region appears largely quiescent, with a few hot regions around the edges, and a
small cluster of protostars at the centre. Despite this, the region is mostly of a column
density above 3 × 1021 cm−2 (73% by mass), which, assuming no significant foreground
or background emission, suggests a region with a high volume density, potentially dom-
inated by gravity. In addition, the region contains a significant number (28) of massive
dense cores, suggesting that the region is likely to be more heavily involved in high-mass
star formation in the future.
There are 25 protostars detected by getsources in the region, together with 86
dense starless cores. These are distributed all around the region, and, aside from the
fact that they are almost all inside the 3 × 1021 cm−2 column density contour, and
preferentially found on filaments, have no obvious spatial relationships.
More detailed discussion and conclusions, involving all studied regions, will be
given in Chapter 7.

Chapter 6
Regional Comparisons
6.1 Introduction
In Chapters 3–5, the three regions Mon R2, NGC 2264, and Mon R1 have been
introduced. The Herschel observations have been presented, along with relevant ancil-
lary observations. Dust temperature and column density maps of the regions have been
produced, and the source catalogues have been measured and analysed. At every point
thus far, the three regions have been considered separately.
In this Chapter, the regions are compared with one another. Section 6.2 gives a
qualitative comparison of regions, while Sections 6.3 and 6.4 look in more detail at PDF
analyses and comparisons of the observed dense cores. In Section 6.5, the regions are
compared with other HOBYS regions, and finally, Section 6.6 considers which theories
of high-mass star formation could account for the observations.
6.2 Visual Comparisons
6.2.1 Herschel Observations
The three regions, Mon R2, NGC 2264, and Mon R1, all possess their own
unique characteristics as viewed by Herschel (see previous chapters). The central region
of Mon R2 is its most prominent feature, and is much brighter, at all wavelengths
(106 MJy/sr, 2×105 MJy/sr, 4×104 MJy/sr, 104 MJy/sr, 3×103 MJy/sr in the Herschel
wavelengths from 70µm to 500µm, respectively) than the next brightest feature in
any region (NGC 2264 IRS 1 has peak intensities of 3 × 105 MJy/sr, 7 × 104 MJy/sr,
2 × 104 MJy/sr, 9 × 103 MJy/sr, 2 × 103 MJy/sr; VY Mon in Mon R1 only reaches
6× 104 MJy/sr, 8× 103 MJy/sr, 2× 103 MJy/sr, 500 MJy/sr, 200 MJy/sr).
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In terms of filamentary structure, Mon R2 is heavily covered, with filaments
stretching out in all directions. At least five filaments leave the central hub and travel in
excess of a parsec; the north-west filament stretches more than 10 pc. NGC 2264 is itself
essentially one long filament, stretching some 20 pc across the Herschel maps. Around
the cental cluster and elsewhere in the region there are multiple other visible filaments,
although nowhere is it as heavily covered as the hub of Mon R2. Mon R1 has only a little
visible filamentary structure, with a few filaments being noticeable around the edges of
the region.
6.2.2 Ancillary Observations
In visible light, the three regions Mon R2, NGC 2264, and Mon R1 are all
similar, containing relatively few stars, but with obvious luminosity. There are obvious
differences: while NGC 2264 is relatively bright across almost its entire area (1◦ × 1◦;
∼250 pc2), Mon R1 is only observed at its three brightest points, but is instead visible
mainly by its obscuration of background stars.
Even in visible light, the filamentary nature of Mon R2 is obvious, as heavy
extinction to the southeast (Figure 6.1). Indeed, overlaying the filaments found by
getfilaments, it can be seen that in at least some places (most notably the southernmost
of the eastern filaments), there is a perfect correspondance between these filaments. The
central hub itself is not very bright; this is again due to the extinction from the filaments
themselves.
The basic structure of Mon R1 can also be seen in extinction (Figure 6.2), with
small amounts of filamentary structure connecting to the three bright regions, and heavy
extinction further north. The bright region to the south (which was not observed by
Herschel) seems to be connected to VY Mon (to the south-west), although, due to the
lack of connecting filaments, it is possible that this belongs to a separate cloud than the
other parts of the region.
In visible light, NGC 2264 also shows both emission and extinction (Figure 6.3.
While some of its filaments are visible in extinction, others are not, implying a position
behind the emitting cloud, and some dark lines across the region of emission are not
detected as filaments, suggesting that these are regions of lower column density, rather
than higher. Unlike in Mon R1, the regions of extinction contain far less filamentary
material than is visible around the region of emission; as with Mon R2, the filaments
are strongly asociated with the dense, central region.
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Figure 6.1. The Mon R2 locale, as viewed by the Palomar Observatory Second Sky
Survey (POSS II; Reid et al., 1991), with 0.48µm (blue), 0.65µm (green), and 0.85µm
(red). The region mapped by Herschel is shown by the white diamond, while the contours
show the filamentary structure of the region, as mapped by getfilaments (these are the
most robust filaments detected at scales up to 72′′ on the flattened column density map).
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Figure 6.2. The Mon R1 locale, as viewed by POSS II; as for Figure 6.1.
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Figure 6.3. The NGC 2264 locale, as viewed by POSS II; as for Figure 6.1.
158 Chapter 6. Regional Comparisons
6.3 PDF Analyses
The probability density functions (PDFs) of the regions’ column density maps
can be used to look at the basic regional structure. As explained in more detail in
Section 2.4.5, the basic shape of a PDF in a quiescent region is a simple lognormal
(Va´squez-Semadeni & Garc´ıa, 2001). However, regions with denser material (includ-
ing most regions of higher-mass star-formation) will generally lead to a power-law tail
to higher column densities (seen, for example, in Kainulainen et al., 2009 and Schnei-
der et al., 2013). This has often been interpreted as being due to gravitational effects
(Schneider et al., 2013), although pure turbulence models have also shown such tails
(Passot & Va´squez-Semadeni, 1998), and pressure confinement has also been suggested
(Kainulainen et al., 2011); it does, indeed, match well with filamentary (and thus grav-
itationally bound) parts of the regions (Benedettini et al., 2015). In a small number
of cases, a secondary tail, or “excess”, can be seen. One explanation for this excess is
feedback-driven compression (Schneider et al., 2015a), which will act as an additional
compressing force on the gas.
Note that there are several points to take into account when dealing with PDF
analysis. One such issue is that of line-of-sight effects. Since we cannot view the true
shape of any molecular cloud, but instead observe a 2-dimensional projection, we cannot
know (without molecular line measurements to determine velocity) how much of the
observed surface brightness is in fact due to foreground and background effects. For a
PDF, this will result in an increase at the lowest column densities, leading to a narrower
lognormal shape, with a steep edge at the lowest column densities, although the power-
law tails are mostly unchanged (Schneider et al., 2015b). While this effect will be
greatest towards the Galactic centre, it will still be present elsewhere along the Galactic
plane, including the regions Mon R2, Mon R1, and NGC 2264. Another issue is that of
cause and effect. Since the observations are simple time-independent snapshots, it can
be difficult to determine which observed properties are causes, and which are effects.
For example, the secondary tails (or rather, the high densities they measure) could be
responsible for the high amounts of star formation occuring in these regions, or the
high amounts of star formation could be causing the secondary tails by feedback (as
mentioned above). Indeed, both could be true, and this could be part of a positive
feedback loop (albeit one limited by the local availability of star-forming material).
The PDFs of the three regions can be seen in Figure 6.4. The similarities between
Mon R2 (in red) and NGC 2264 (green) are immediately apparent. Both have the base
lognormal, the power-law tail, and high–column-density excess, and at approximately
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the same column densities, but there are some differences. Mon R2 does not reach as
high column densities as NGC 2264, but instead has a slight excess to the lowest column
densities (an AV of ∼ 2, or 2× 1021 cm−2), which could be due to diffuse foreground or
background emission. Mon R1 (in blue), on the other hand, is less similar. Although the
basic shape at lower column densities is not too different, this PDF lacks the excess at
the highest column densities shown by the other two, and in addition, has a less regular
shape, lacking a peak to its lognormal. This is potentially due to its size: the Herschel
maps of Mon R1 concentrate solely on the densest part of the molecular cloud, and do
not contain nearly as much of the low–column-density background as the Mon R2 and
NGC 2264 maps (almost 50% of both Mon R2 and NGC 2264 lies in the extinction range
AV = 2–3, the range corresponding to the PDF peaks; only ∼32% of Mon R1 lies in
this range). A PDF for the three regions combined is given in black. Table 6.3 gives an
overview of these PDFs, together with all other PDFs mentioned in this section.
Figure 6.4. The PDFs for all three regions, separately and combined. Mon R1 is in
blue, Mon R2 in red, and NGC 2264 is in green. The combined PDF is shown in black.
Together, the PDFs can be used to determine the current evolutionary status
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of the regions: while all three regions show gravitationally bound, likely filamentary
structure, only two of them show traces of feedback from massive young stars. This
can be (partially) confirmed by comparison with the maps (seen in previous chapters):
Mon R2 and NGC 2264 both contain prominent filamentary structure and extended Hii
regions, evidence of both gravitational collapse and feedback. However, despite the fact
that Mon R1 has column densities that in other regions are associated with filamentary
structure, there are only a few filaments in the region, out to the west. It is possible
that the high observed column densities to the east are due to a projection effect, and
indeed may belong to a different molecular cloud than the filaments to the west. CO
observations do suggest that there are at least two separate, overlapping clouds in the
vicinity (Kutner et al., 1979; Oliver et al., 1996). It is also possible that such high-
density regions were present in Mon R1, but have since broken up due to feedback from
the forming stars.
The temperature PDFs can also be compared (as in Figure 6.5). The differences
between these PDFs are less extreme, and the three seem to form a single spectrum
from Mon R1 (blue) to Mon R2 (red), with NGC 2264 (green) intermediate at almost
all points. There are three obvious point of difference: the main peak, the secondary
peak (where it exists) and the tail. The tail is the most obvious, and the easiest to
explain, as it represents the hottest part of the region: for Mon R2, this is the central
Hii regions (including the hub itself) for NGC 2264, the northern Hii region. Mon R1
has no obvious heated region, and thus has the shortest tail of the three. At about 20–
25 K, both Mon R2 and NGC 2264 possess a secondary peak; this likely corresponds to
the northern Hii region in Mon R2, and potentially to the outer parts of the NGC 2264
northern Hii region. Once again, Mon R1 has no equivalent structure, either on the map
or in the PDF. Finally, the main peak, which in NGC 2264 and Mon R1 is just a single
point at ∼13 K, is in Mon R2 far flatter, spreading out to 16 K before the tail begins.
This could be due to the increased heating from the hub and Hii regions.
A more in-depth look at the PDFs can be made by splitting the maps into
subregions, since, as suggested earlier, interesting features may be lost when only the
full region is viewed. These splits were all made along regions of low-column density,
to keep individual filaments within the same subregion. In Mon R1, only a single split
was made, separating east from west, but the other regions were separated into major
filaments, with an extra subregion for the hub/cluster. The subregions can be seen in
Figures 6.6–6.8.
The PDFs of Mon R1 can be seen in Figure 6.9. The black line represents the full
region, while the red and green lines represent the west and east subregions respectively.
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Figure 6.5. The temperature PDFs for all three regions. Mon R1 is in blue, Mon R2
in red, and NGC 2264 is in green.
As can be seen, the PDF is still noisy at the peak, so the effect is present across the
entire region. It is, however, apparent that some of the peaks from the full PDF are
only seen in one or other of the subregions. In addition, the filamentary west (red) has a
far less prominent tail than the denser, but less filamentary, east (green). It is possible
that the sharp low–column-density edge could be due to line-of-sight contamination, and
that the PDF analysis could benefit from the foreground/background subtraction used
in Schneider et al. (2015b).
The PDFs of NGC 2264 are shown in Figure 6.10. The full region is in black and
the subregions are shown in the other colours (cluster in red; north, east, south, and west
filaments in magenta, green, cyan, and blue, respectively). Most obviously, the cluster
PDF (red) makes up the entirety of the high–column-density excess, while none of the
other subregions show any such excesses, and thus whatever is responsible for the effect is
entirely localised to the central cluster. In addition, the mass contained in the cluster is
∼2700 M, more than 10% of the total region mass (∼20 000 M), despite only covering
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Figure 6.6. The column density for Mon R1, split into two subregions (east and west).
1.7% of the region. Although to a far lesser extent than their differentiation from the
central PDF, the four filamentary PDFs all also show a small degree of differentiation
from one another. The southern and western PDFs (cyan and blue) are narrower than
the others (with σ values of 0.14 and 0.17, rather than the 0.22 and 0.27 of the northern
and eastern subregions), indicating that the southern and western filaments are the most
quiescent. Power-law tails are present in all four cases, all with s ∼ −3 (as mentioned in
Section 2.4.5, a value between −2 and −4 corresponds to gravitational collapse; Kritsuk
et al., 2011; Girichidis et al., 2014). The eastern and western filaments (green and blue)
both have reasonably well-defined PDFs, rather similar to those seen in regions of lower-
mass star-formation. The northern PDF shows an excess at low column density. It is
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possible that this is due to foreground or background emission not present in the other
subregions, or it may be due to the extended Hii region at the north of NGC 2264. The
full PDF (given with its fit in Figure 4.11) shows a wide lognormal (σ = 0.30) and a
relatively shallow primary tail (s = −2.6, shallower than any of its subregions).
The Mon R2 PDFs are shown in Figure 6.11. As with NGC 2264, the central
hub (red) is entirely responsible for the high–column-density excess. This region also
contains ∼10% (960 M) of the region’s total mass (∼10 000 M), despite covering only
1% of its extent. Of the subregions, the southern, western, and northeastern filaments
(blue, cyan, and orange) are not unusual for lower-mass star-forming regions, with basic
lognormal shapes and single power-law tails (with σ values of 0.22, 0.17, and 0.21, and
s values of −3, −4, and −2.9, all respectively). The eastern filament (green) has a
similar basic shape, but the lognormal is narrower (σ = 0.14) and the tail is shallower
(s = −1.9). Both eastern and northeastern peak at lower AV (∼1.5, rather than ∼3),
showing a lower average density than the southern and western filaments; the northern
filament (magenta) shows peaks at both extinction levels, and the lower-density peak
can even be seen on the full PDF. This effect can be seen in the map, as the eastern
background level is visibly lower than the western background. In the northeast, this
seems to be due to the northern Hii region, but the eastern Hii region is not nearly
extended enough to cause the observed effect.
Compared with other regions, the most obvious feature on the PDFs is the high
column density excess seen in both Mon R2 and NGC 2264. Similar excesses have
been seen in Cep OB3, NGC 6334 (Schneider et al., 2015a; Russeil et al., 2013), and
W3 (Rivera-Ingraham et al., 2015). In all five cases, the region associated with the
excess is both dense and bright, a massive star-forming region which is being heated
(and potentially compressed) by feedback from the forming stars. This fits well with the
suggestion that the excess is due to the feedback. As HOBYS regions, NGC 6334 and
W3 will be covered in more detail in Section 6.5.
The primary tail is present in almost all star-forming regions, including Orion B,
the Aquila Rift, the Polaris Flare (parts of the HGBS; Schneider et al., 2013), the
Auriga-California, Maddalena, NGC 3603 and Carina clouds (Schneider et al., 2015b),
Lupus 1, 3 and 4 (also HGBS; Benedettini et al., 2015), and the HOBYS regions M 16
(the Eagle), Rosette (Tremblin et al., 2014), and Vela C (Hill et al., 2011), in addition
to the aforementioned Cep OB3, NGC 6334 and W3. Where given, the power law
exponent, s, is between −2 and −4, the range associated with gravitational collapse (a
single outlier at −5.2 was potentially due to line-of-sight contamination; Schneider et
al., 2015b). Likewise, the values for Mon R2, NGC 2264, and even Mon R1 are all easily
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Region Lognormal Primary Tail Secondary Tail
σ s s
Mon R2 0.31 −2.8 −1.6
Hub 0.45 −2.3
Other 0.14–0.38 −4.0 – −1.9
NGC 2264 0.3 −2.6 −1.3
Cluster 0.49 −1.8
Other 0.14–0.27 −3.8 – −2.8
Mon R1 0.12 −1.9
NGC 63341,2 0.45 −2.3 −0.6
Cep OB31 Not given −3.8 −1.2
Orion B3 0.45 −2.0
Aquila Rift3 0.30 −2.6
Polaris Flare3 0.22–0.27 Not given
Maddalena4 0.20 −5.2
Auriga4 0.25 −3.1
NGC 36034 0.27 −1.6
Carina4 0.20 −3.0
Lupus 1, 3, 45 0.14–0.23 −2.6 – −2.4
Table 6.1. A table comparing the PDFs for Mon R2, NGC 2264, Mon R1 and other
regions mentioned here. References for the other regions: 1: Schneider et al. (2015a);
2: Russeil et al. (2013); 3: Schneider et al. (2013); 4: Schneider et al. (2015b); 5:
Benedettini et al. (2015).
within this range (−2.8, −2.6, and −2.7, respectively).
Finally, the lognormal is present in all PDFs, with values of σ ranging from 0.2
(quiescent regions) to 0.5 (more active regions). Both Mon R2 and NGC 2264 have values
of about 0.3, although it must be noted that σ can be greatly affected by foreground
and background contamination, which can reduce the value by up to 0.2 (Schneider et
al., 2015b). The lognormal fit to the Mon R1 PDF has a low value of σ, although the
PDF shape made a good fit impossible. Note that the shape of the Mon R1 PDF cannot
be explained solely by geometric effects (such as the a mismeasurement of the region’s
distance or the absence of surrounding low-density material due to Herschel observing
too small an area; attempts to replicate both of these conditions for Mon R2 resulted in
PDFs that were not dissimilar to the original).
In conclusion, while all three regions show excesses due to gravitational collapse,
only Mon R2 and NGC 2264 show the high–column-density excesses potentially associ-
ated with stellar feedback. All three show relatively narrow lognormals, but this is likely
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to be due to foreground and background contamination.
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Figure 6.7. The column density for NGC 2264, split into five subregions (one for the
cluster, one each for north, east, south, and west).
6.3. PDF Analyses 167
Figure 6.8. The column density for Mon R2, split into six subregions (one central,
and five for the east, northeast, north, west, and south filaments).
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Figure 6.9. The PDFs for Mon R1, separately and combined. PDFs for subregions
(listed in the text) are shown in red and green; the full PDF is shown in black.
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Figure 6.10. The PDFs for NGC 2264, separately and combined. PDFs for subregions
(listed in the text) are shown in red (cluster) and other colours; the full PDF is shown
in black.
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Figure 6.11. The PDFs for Mon R2, separately and combined. PDFs for subregions
(listed in the text) are shown in red (central hub) and other colours; the full PDF is
shown in black.
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6.4 Core Analyses
Combining the getsources source measurements from across the region, we can
see that the basic trends still hold. Figure 6.12 shows the Mass vs FWHM, and Fig-
ure 6.13 shows the luminosity vs mass. Once again, the majority of the sources from the
high–column-density regions (filled shapes) have very small sizes, with ∼70% of them
having sizes equal to or smaller than the largest of the four “minimum” sizes (∼0.04 pc).
However, there is no obvious mass segregation; indeed, many of the most massive sources
are from Mon R1, and are thus unconnected with any region of high–column-density ex-
cess. The lack of inner sources below ∼2 M is far more likely to be due to the high
completeness limit here (at least 2 M, and probably higher; see Section 2.4.3) than to
be due to any inherent population trend. It is also possible that multiple central region
sources were detected together, due to the high density of sources in the region. Exclud-
ing the sources from the dense central regions, there is very little difference between the
three populations, suggesting that differences within the clouds are far more important
than differences between them.
The population separation becomes far more readily apparent when the mass is
viewed alongside one (or more) other parameters, such as FWHM or luminosity. It is
quite clear that the sources from the Mon R2 central hub and NGC 2264 central clus-
ter form a separate population to those sources found outside these regions. Judging
from their positions along the evolutionary tracks, the central sources are clearly more
evolved than the most massive non-central sources, with at best barely-resolved sizes and
luminosities well in excess of those from outer regions. It is true that the high complete-
ness limit (see Section 2.4.3) may have played a part in this, as low-luminosity sources
(those below ∼10 L) in the central regions could be lost. Consequently, any central
sources that would have populated the lower left of the luminosity-mass plot would not
be detected, causing the observed dearth. Despite this, the obvious overabundance of
high-mass, evolved protostars in the central regions suggests that something is at work
here in addition to a simple selection effect.
While the outer regions do contain evolved sources (as seen by their positions
along the evolutionary tracks), these are generally very low-mass protostars, with fewer
than a dozen above the 2 M track. It is also conceivable that the high-mass unevolved
sources in the outer regions could quite easily fragment prior to collapse, rather than
forming a single high-mass star. In this event, the observed mass segregation could be
real, despite the selection effects. A plot comparing all three parameters (Figure 6.14)
shows that the high-mass, low luminosity sources are indeed among the largest (including
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Figure 6.12. The mass vs FWHM plot for all three regions combined. The sources
from Mon R2 are in blue; those from Mon R1 are in green and those from NGC 2264 are
in red. Filled shapes indicate sources from either the Mon R2 central hub or the central
cluster of NGC 2264. The dashed lines represent the minimum source sizes, depending
on the distance to the region (830 pc to Mon R2; otherwise 900 pc) and the reference
wavelength (either 160µm or 250µm).
several close to the maximum source size, 0.3 pc), while the higher-mass, high luminosity
sources are all much smaller. This would result in small clusters of protostars scattered
around the regions, and while only a few of these have been detected, this is certainly
something to consider.
Another issue to consider, however, is the fact that not every detected “source”
will necessarily be star-forming. Some, especially larger sources with lower masses and
higher temperatures (and thus luminosities), will likely not be gravitationally bound;
for example, the three large sources (apparently) well along the 2 M evolutionary track
have sizes of 0.14 pc, 0.27 pc, and 0.20 pc (left to right), and critical Bonnor-Ebert radii
of only 0.01 pc, 0.02 pc, and 0.03 pc respectively, meaning that none of the three is
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Figure 6.13. The luminosity vs mass plot for all three regions combined. Otherwise
as for Figure 6.12.
gravitationally bound. While it is true that these “sources” may contain gravitationally-
bound material that would be detected by better-resolved observations (indeed, the
rightmost of these three sources, Mon R2’s HOBYS J060814.8 −061139 contains multiple
IR-visible protostars), this is not something that can be determined from the Herschel
observations alone.
A secondary problem involves sources detected in the highly crowded hub and
cluster regions, where getsources (see Section 2.3.1) has more trouble discerning true
sources from the surrounding material. These are not exactly false positives, as the
flux was certainly measured, but they are likely not all true star-forming cores, either.
Also, these may be well within their critical Bonnor-Ebert radii, as these radii are only
meaningful in the case of negligible background. The best way to isolate these “pieces of
cloud” is to ensure that all “true” cores are associated with peaks in the column density
(or at shorter wavelengths, for protostars).
One point not considered here is the possibility that sources may be ejected
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Figure 6.14. As for Figure 6.12. The size of the point is proportional to its reference
size (with a maximum of 0.3 pc). Filled blue sources are from the hub of Mon R2 and
the cluster of NGC 2264; open red sources are from the outer regions.
from the dense clusters that they were formed in. This will not only lead to the source
being detected in a region that is potentially unsuitable for its formation, but will also
strip the source’s envelope, leading to it appearing even older than its actual age. A
potential candidate for ejection is HOBYS J060757.3 −063105 (shown in Figure 2.12),
a 0.5 M protostellar core about 500′′ (2 pc on the plane of the sky) from the centre of
Mon R2, with very little associated filamentary material. Assuming a velocity of 35–
185 kms−1 (Poveda et al., 1967), and a distance of ∼3 pc (including potential line-of-sight
movement) gives a time since ejection of 104–105 years, well within the expected lifetime
of such a core (see Section 1.1). This effect was not considered more qualitatively in
part because ejection (if it were a significant factor) would cause a greater proportion
of more-evolved YSOs to be found outside the dense clusters, directly opposing the
observations.
Another point to consider is the use of the standard parameters R (gas-to-dust
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ratio), κ0 (dust absorption coefficient), and β (dust emissivity index). In line with the
HOBYS guidelines, these have been kept at constant values throughout the analysis
(100, 1 m2kg−1, and 2, respectively), but this is not necessarily correct. While these
values are likely good approximations for lower densities, there is no reason for this to
remain true at higher densities. If the value of R is lower at high densities, or the value of
κ0 is higher, then the actual source masses will be lower than those measured. Varying β
could likewise change both mass and temperature. These will not, however, change the
measured FWHM, and the luminosity, which is based on the measured fluxes, should
also be approximately constant. This latter point means that, even with a factor of 10
decrease in the mass, the “high-density” sources will remain a separate population on
the luminosity vs mass plot. A more complete analysis of these parameters is beyond
the scope of this thesis.
In all, there is a very distinct difference observable between the sources from
very–high-density regimes, such as the Mon R2 hub and the NGC 2264 cluster, and
those from the more usual star-forming regions. While some of this difference is likely
due to selection effects (since low mass, low luminosity sources are not easy to detect in
dense, crowded regions), the effect is at least partially real, as the hub and cluster contain
the only intermediate-mass evolved protostars, suggesting that these regions form more
massive stars if not more frequently, at least earlier.
6.5 Comparisons with other Regions
The Herschel Survey of OB Young Stellar Objects (HOBYS) observed fourteen
regions of intermediate-to-high mass star formation, including well-known astronomical
objects (such as the Rosette and Eagle nebulae) and more obscure regions (such as
the three discussed in this work, which shall be referred to as “the Monoceros regions”
throughout this section). The regions range from the Vela C molecular cloud and the
Monoceros regions, which are intermediate mass and all within a kiloparsec of the Sun
out to Westerhout 48, a giant molecular cloud 3 kpc away, at the edge of the Galactic
centre, and, with the singular exception of Mon R2, all regions are centred within 2◦ of
the Galactic plane (Mon R2 is closer to 12◦). The goal of the survey was to observe and
study OB precursors at FIR/smm wavelengths in order to determine their fundamental
properties, and to study the links between these sites of high-mass star formation and
the large-scale filamentary structure (HOBYS Proposal).
Note that a full analysis of these regions is not in the scope of this thesis, and
thus comparisons will be made only to the Herschel maps and analyses made elsewhere.
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In addition, the HOBYS observations for three regions (M 17, NGC 6357, and Sharpless
2-40) have not yet been published, and so they will not be considered here. HOBYS
also surveyed several small-scale Hii regions, including RCW 120 (Anderson et al., 2010;
Zavagno et al., 2010), which are likewise not considered here. The regions mentioned
below appear in Figure 6.15, scaled to relative sizes.
Figure 6.15. The eleven large-scale HOBYS regions (excluding M 17, NGC 6357 and
Sh 2-40) 250µm maps, at the same scale (assuming the distances given in this section).
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Vela C
The Vela C giant molecular cloud (Hill et al., 2011, 2012a; Giannini et al., 2012; Minier
et al., 2013) is the most massive component of the “Vela Molecular Ridge” (Murphy &
May, 1991). It is ∼700 pc distant, the closest of the HOBYS regions, and is visible in
the Herschel maps as a 30 pc long filamentary structure with a bright, warm Hii region
at the centre (RCW 36). A second Hii region (RCW 34) is also in the Herschel maps,
but is not associated, being about 2 kpc farther off (Bik et al., 2010). Multiple filaments
are detected across the region, mainly in the south and centre, with two sections (one
of which is associated with RCW 36) reaching column densities in excess of 1023 cm−2.
In this way it is most similar to NGC 2264, in which the filaments also form the main
body of the molecular cloud, with a high column density ridge at the centre (in Mon R2,
the central peak is less a ridge along a length of filament, and more a hub at the centre
of a web of filaments). The RCW 36 ridge is likely younger than that in NGC 2264, as
its Hii region is very prominent (the feedback from the NGC 2264 cluster is only visible
by its effect on the nearby nebulosity), and appears more similar to the Hii regions in
Mon R2, even though these are emitted from surrounding stars, not the hub itself.
Whereas Mon R1 and NGC 2264 have small clusters of protostars within them,
and Mon R2 has a few obvious protostars distributed across its extent, Vela C has
several dozen visible protostars along its length. Giannini et al. (2012) gives an overview
of the source population of Vela C (as detected by CuTeX; see Section 2.3.2), although
no catalogue is given. In total, they detected over 1500 sources across the Herschel
wavebands, although using similar methods to those listed in Chapter 2, this number
was reduced to only ∼300. While the distribution of masses and sizes is not too different
from those in the Monoceros regions, their positions on the luminosity–mass diagram
(or, more precisely, their positions along the evolutionary tracks on this diagram) show
that while most Vela sources are in a similar evolutionary stage to the majority of the
Monoceros sources (unevolved), only a very small number (∼ 20) have begun to move
up the evolutionary tracks, and none have reached the crest and started to lose mass,
suggesting that Vela C has a younger age than the Monoceros regions. (Note, however,
that many of the Mon R2 high-luminosity sources are likely hot, dense pieces of cloud,
rather than actual protostars.)
Rosette
The Rosette molecular cloud (Di Francesco et al., 2010; Hennemann et al., 2010; Hill et
al., 2010; Schneider et al., 2010, 2012) is a molecular cloud complex associated with the
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OB cluster NGC 2244. Although it is in a similar region of the sky to the Monoceros
regions (and is indeed also located within the Monoceros constellation), it is about twice
as distant, at 1.6 kpc. Visibly, in the Herschel images, it appears similar to Mon R1,
with an apparently dense cloud not containing much visible filament. There are sev-
eral visible objects, including Mon OB2 IRS 1 (Mon OB2 being another name for the
Rosette molecular complex; Blitz & Thaddeus, 1980), and at least two small clusters of
protostars. The H2 column density map (seen in Schneider et al., 2012) does show more
evidence of filamentary structure, and indeed methods such as the DisPerSE algorithm
trace these filaments well. Unlike Mon R2 or NGC 2264, the PDF of the Rosette col-
umn density map shows no secondary excess. The temperature map of Rosette (seen in
Schneider et al., 2010) shows a hot (&30 K) northern edge to the region, showing the
influence from the associated cluster NGC 2244.
The source population of Rosette has been measured, both by getsources (Di Francesco
et al., 2010), and by MRE-GCL (see Chapter 2; Hennemann et al., 2010). The evolu-
tionary status of the sources appears to match well with that of Mon R1 too: while a
few of the smaller cores are well up their evolutionary tracks, most of the higher-mass
cores (up to ∼ 20 M) appear younger, although there are a few higher-mass protostars.
This all suggests that Mon R1 may be quite similar to the Rosette molecular cloud, and
indeed, the fact that both are parts of OB complexes would seem to agree with this.
Cygnus X
The HOBYS observations of Cygnus X cover two overlapping regions, DR 15 and DR 21,
making it the largest HOBYS region by angular size (covering over 13 square degrees;
by contrast, Mon R2 barely covers 1.5 square degrees); indeed each of its subregions is
still larger than the next largest observed region, W48. The region is 1.4 kpc distant
on average. Visually, the Cygnus X region is very filamentary, with visible filaments
stretching over a degree (25 pc) in length. To the north of the region, the thick fila-
mentary ridge DR 21 is visible, surrounded by diffuse regions of higher short-wavelength
emission, likely Hii regions. Meanwhile, to the south, DR 15 is visible, at the northern
tip of the longest filament. Its shape indicates that it was likely broken up and heated
by the Hii region that appears to dominate the maps’ centre. The cause of the Hii
region that seems to be shaping the entire region is the Cyg OB2 cluster, and the sheer
extent of the region (at least 50 pc across, judging from the distance between DR 15 and
DR 20) suggests that that it is a much older region than the Monoceros regions.
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Thus far, only the DR 21 ridge itself has been analysed using the Herschel ob-
servations in any detail (Hennemann et al., 2012), and the analysis shows a highly dense
(peak column density ∼ 1024 cm−2, compared to Mon R2’s ∼ 1023 cm−2) ridge, with
multiple lesser filaments feeding into it. Although the main body of the ridge is quite
cool (. 16 K), a high-temperature Hii region has broken free from the southern end,
corresponding to a break in the column density. Although this shares some similarities
with the Mon R2 hub, there are also many differences. For one thing, the Mon R2 hub
is in an extremely active region, surrounded by multiple prominent filaments and Hii
regions, and while the vicinity of DR 21 is by no means quiescent, it is far less active
than Mon R2, or for that matter, DR 21 itself.
M 16 (Eagle)
M 16, or the Eagle Nebula, is a star-forming region 2 kpc away. In appearance, it
seems to be a large (∼15 pc across) Hii region surrounded by multiple filamentary pillars
(including the famous “Pillars of Creation”; Hester et al., 1996), similar to those seen
in Cygnus X. The full region itself is similar to the Rosette Nebula, which is also a
molecular cloud being acted upon by an associated Hii region. The centre (and cause)
of the Hii region is the NGC 6611 cluster, which contains at least twenty OB-type stars
(Dufton et al., 2006). Outside (and potentially behind) the Hii region, a few prominent
filaments are visible. The Herschel observations (Hill et al., 2012b; Tremblin et al.,
2013) show a reasonably dense (& 5× 1022 cm−2), cool filamentary spine to the region,
with a warmer (& 22 K), sparser patch around the cluster. In many ways, this region
is similar to Cygnus X, but rather less to the Monoceros regions. It is likely, given the
size of the Hii regions in M 16 and the Rosette Nebula (both at least 10 pc across), that
these are more evolved than either Mon R2 or NGC 2264, although the small sizes of
the Monoceros regions mean that they are unlikely to evolve quite this far.
NGC 6334
In overall appearance, NGC 6334 (at a distance of 1.75 kpc) is very similar to NGC 2264
or Vela C: one single long filamentary structure with multiple smaller filaments branching
off, and a bright ridge at the centre. It is, however, much longer (55 pc, compared to
22 pc and 30 pc, respectively), and it lies only ∼10◦ from the Galactic centre (Vela C and
the Monoceros regions lie far further around the Galactic plane). Around the ridge, high
short-wavelength emission indicates the presence of Hii regions, likely caused by stars
forming within it. Along the filaments, dense cores are obvious, but these are generally
180 Chapter 6. Regional Comparisons
widely separated, with no obvious clustering.
Column density and dust temperature maps, derived from the Herschel obser-
vations (Russeil et al., 2013), support the similarities: in the extremities, the filament is
reasonably dense (& 2 × 1022 cm−2), but also cool, while at the centre, it is both even
denser (∼ 1023 cm−2), and much warmer (& 30 K), as seen in Mon R2 and NGC 2264.
Another parallel between the three regions is the PDF of NGC 6334, which shows the
same excess at high column density, which is again localised entirely to the central ridge,
while more quiescent regions barely even show the power-law tail. In addition, the dense
cores of NGC 6334 have been identified with getsources (Tige´ et al., 2015) in a simi-
lar fashion to that used in Section 2.4.1. More than 600 dense cores were found, with
temperatures up to 57 K and masses up to 1500 M. The most massive of these cores
corresponds to the main IR source in the region, NGC 6334 I (Persi & Tapia, 2010),
which is in a region far less crowded than the Mon R2 hub, or even the NGC 2264
cluster. However, the size of the core (0.16 pc) would cover a significant portion of the
Mon R2 hub, suggesting that there is likely to be a large amount of substructure within
the core that is not seen due to the distance of the region.
NGC 7538
NGC 7538 is a region of high-mass star formation about 2.7 kpc away (described in
Fallscheer et al., 2013). At this point, it is becoming hard to give comparisons with the
Monoceros regions, due to the differences in scale; as an example, the entire Mon R2
hub structure, including all three Hii regions, is less than half the size of the ring to the
east of the NGC 7538 region (∼5 pc compared to ∼12 pc). What can be shown is that
the ring (which is suggested by CO data to be more than just a projection effect) is cold
and dense, like most other filaments, while the bright region to the west is both hot and
likely also dense (which is confirmed by the column density and dust temperature maps
in the Fallscheer et al. paper). A warmer but less dense Hii region is also visible, just
north of the bright region. A PDF is not given in the Fallscheer et al. paper, but it
seems likely (based on the PDF shapes of Mon R2, NGC 2264, and NGC 6334, which all
show similar structures) that it would possess the excess at the highest column densities.
Over 200 compact sources were extracted with getsources, with large numbers of starless
dense cores around the ring and a cluster of warmer, more protostellar sources in the
Hii region. Looking at the luminosity-mass diagram, it is clear that both the luminosity
and mass ranges are in excess of those of the Monoceros regions, which is again, likely
to be due to the scale differences.
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W3
The Westerhout 3 (W3; Westerhout, 1958) giant molecular cloud is made up of multiple
different sites of star formation, from the W3 Main site in the north to AFGL 333 in
the south. To the west lie the KR 140 regions, both of which have been suggested to
harbour unusual types of high-mass star formation (Rivera-Ingraham et al., 2011). While
the region is closer than NGC 7538, at 2 kpc, it is still distant enough that comparisons
with the Monoceros regions will be difficult; indeed, each of the three main W3 regions
(W3 Main, W3 (OH), and AFGL 333) is of a similar size to the Mon R2 hub and Hii
regions (∼5 pc). The Herschel observations (Rivera-Ingraham et al., 2013) show that all
three regions are of reasonably high density (& 2×1022cm−2), and both the W3 (OH) and
W3 Main regions are warm, at 20 K and &24 K, respectively. The column density PDF
(Rivera-Ingraham et al., 2015) again shows the excess at the highest column densities,
fitting with Mon R2, NGC 2264, and NGC 6334.
W48
W48 is the most distant region observed by HOBYS, and at 160 pc across is the spatially
largest map (the largest region by angular extent, Cygnus X, is only 130 pc across). The
actual W48 region lies at the east of the map, while the Galactic plane takes up the
north and north-west. Once again, the comparisons with the Monoceros regions will
be difficult; the W48 region itself is approximately the size of the entire Mon R2 map.
Across the entire Herschel map, W48 is one of many potential regions of interest; to
date, only two of these have been studied, W48 itself (Rygl et al., 2014), and a region to
the north, G035.39−00.33 (Nguyễn Lương et al., 2011). While G035.39−00.33 is a single
cool filament, albeit one teeming with protostars, W48 is a hot, dense region, surrounded
by Hii emission, and looks very similar to a much larger Mon R2 central hub. As shown
in the Rygl et al. paper, the central section of W48 (W48A) is both hot and dense,
while the surrounding regions (W48B and W48D) are similarly warm, but diffuse, and
another nearby region, IRAS 18586+0106 is both dense and cool. Interestingly, W48E,
which looks very similar to W48D, is of average temperature and column density. It
seems likely that the PDF would again show the high column density excess.
Overall
Despite their similarities, each of the HOBYS regions is a unique region of intermediate
to high mass star formation. Some are old, shaped by the feedback from stars already
formed (such as M 16 and the Rosette Nebula), while others are younger. Vela C and
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the Monoceros regions are intermediate mass, and small in size, while others, such as
Cygnus X and the Westerhout regions, are larger and far more massive. One thing that
has been seen across the spectrum, from the intermediate-mass Mon R2 and NGC 2264
to the much larger NGC 6334 and W3, is that those regions which possess a hot, dense
core will generally show a high–column-density excess on their PDF.
6.6 Theories of High-Mass Star Formation
There are two main models of massive star and cluster formation (Krumholz &
Bonnell, 2009). The first model, core accretion (sometimes called monolithic or gravita-
tional collapse; McKee & Tan, 2002; Krumholz et al., 2005), assumes that the molecular
cloud initially fragments under the effects of tubulence, magnetic fields and other fac-
tors. Beyond a certain point, each of the fragments ceases fragmentation, and begins to
collapse under its own gravity, becoming a core, and forming a star. A protostar will
not be able to accrete a significant amout of matter from outside its own core, and thus
a massive star requires a massive core to form. While the second model, competitive
accretion (Bonnell & Bate, 2006), also requires an initial fragmentation phase, it then
allows the cores to accrete a significant amount of matter from the rest of the cloud. The
accretion will be dependent on the overall cloud potential, meaning that cores forming
at the centre of the cluster will gain more mass (and thus produce more massive stars)
than those at the edges.
Although many tests of the two models would require either well-resolved single
cores or Galactic-scale statistical samples, there are several that are applicable at the
scale of these three regions. One important test would be to look for global collapse
within the cloud (as core accretion only predicts collapse at local scales), although this
would require spectroscopic data, in addition to the Herschel photometric data. Al-
though more massive stars would obviously form at the centres of the molecular cloud,
this would not necessarily be reflected in the prestellar population, since the bulk of the
matter used to form the stars would be externally accreted.
Unfortunately, observations like those of Herschel cannot be used to test the
theories, as they can see neither the final protostellar masses (measuring the core dust
mass instead) nor the motion of material onto the cores. However, the distribution of the
cores and non-source mass within the regions does allow us to draw some conclusions.
The cores detected by Herschel are not the prestellar cores generally referred to in the
models, but rather are more massive objects that potentially contain several prestellar
cores, and without more resolved observations, the exact prestellar mass distribution
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cannot be truly known. The basic mass distribution does not show any preference for
the very–high-density regions (especially given the high completeness limit in such re-
gions), but when the source sizes and evolutionary stages are also taken into account,
we see a rather different picture. The high-mass cores within the very–high-density re-
gions are both small and highly luminous, suggesting an evolved, potentially singular
prestellar source. The high-mass cores outside these regions, on the other hand, are
large and of low luminosity, meaning that they are at an earlier stage in evolution, and
may be subject to further fragmentation in the future. This suggests a star-formation
process in which the stars in very–high-density regions evolve first, and are potentially
capable of reaching much higher masses (albeit not necessarily with a different CMF)
than the cores in surrounding regions. In addition, the filaments themselves may play
a part in the star-formation process, channelling material down from the outer parts
of the region into the centre, which could provide a mechanism to allow for the higher
masses here. This process of channelling is almost certainly seen in the C18O data (Sec-
tion 3.5), as the filaments surrounding the Mon R2 central hub form a very prominent
spiral structure. While the highly–centrally-concentrated nature of the regions, together
with the potential inflow from the filaments, may suggest a star-formation model sim-
ilar to the competitive accretion model, the fact that core masses already reflect this
centrally-concentrated nature (when competitive accretion would funnel accreting mate-
rial directly onto the star) suggests that initial fragmentation is also important, as in the
core accretion model. It may be that both models are valid, but work on different scales,
although this is very speculative. At larger scales, molecular clouds may separate into
larger clumps, although matter can more easily flow between them, as may be happening
around the Mon R2 hub, and NGC 2264 cluster. However, at smaller scales, within the
clumps, fragmentation may lead to distinct, non-competitive cores, which collapse to
form stars with masses proportional to their initial dust mass.
6.7 Conclusions
Monoceros R1, Monoceros R2, and NGC 2264 are three regions of intermediate-
mass star formation. Both Mon R2 and NGC 2264 contain highly dense central objects,
both of which contain large numbers of small, high-mass, high-luminosity (and thus
likely highly evolved) sources. Meanwhile, Mon R1 and the outer regions of Mon R2 and
NGC 2264 contain sources which are generally larger and lower luminosity (and thus
less evolved). Even taking selection effects into account (the highly clustered nature of
the central objects increases the completeness limit to ∼2 M here), it is almost certain
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that these represent distinct populations. This would suggest a star-formation model
that allows more massive stars to form earlier in the very–high-density regions, while
less-massive star formation occurs in the surrouding material. Massive objects that form
in outer regions will likely be subject to fragmentation into less-massive cores as they
evolve. The filaments themselves appear to be somewhat short-lived, existing during an
accretion phase, and then either losing their mass to the protostars, or being destroyed
by feedback effects.
Chapter 7
Conclusions
Herschel
The Herschel Space Observatory has been used to view multiple higher-mass star-
forming regions, including the regions Mon R2, NGC 2264, and Mon R1 (as part of
the HOBYS program). Observing the wavelength range between 70µm and 500µm,
Herschel SPIRE and PACS were able to observe the peaks of cold dust SEDs, thus
allowing robust estimates of source mass and temperature to be made. Sources were
detected in the Herschel data using the getsources routine, which searches for sources at
all wavelengths by decomposing maps into their constituent spatial scales. The routine
is very effective on more open regions, where it will reliably detect ∼66% of sources of
above 1 M (at the distance of the Monoceros regions), but it can have trouble disen-
tangling more crowded regions. It is, however, better than any competitiors, due to
its multiple scale, multiple wavelength approach, detecting both extended sources (like
csar) and point sources (like CuTEx).
Mon R2
Mon R2 (Chapter 3) is a region of medium-to-high–mass star formation. It was observed
by Herschel , and also Spitzer , WISE, SCUBA-2, and the IRAM 30-m telescope. Struc-
turally, it contains a large number of higher-column density filaments (> 3× 1021 cm−2,
or an AV of 3.2) radiating outwards from a very–high-column density (> 1.5× 1022 cm−2,
or an AV of 16) central hub, which is also associated with an ultracompact Hii region.
The difference between these two column density regimes can be seen in the region’s
PDF (Figure 2.24), in which the material below an AV of 17 (1.6 × 1022 cm−2) forms
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a power-law consistent with gravitational infall, while the denser material forms a shal-
lower power-law, potentially due to feedback from the Hii region at the centre of the
hub.
The 43 catalogued sources within the central hub are apparently highly differen-
tiated from the 145 sources in the more filamentary regions, in terms of mass, luminosity,
and radius. This is seen in Figures 3.10 and 3.11, where the central cores will generally
have masses over 1 M, FWHM sizes below 0.05 pc, and luminosities over 10 L, while
the sources from the outer regions instead occupy the parts of parameter space with
greater size and lower mass and luminosity. At least some of this is due to the high
completeness limit in the central hub, when compared to the outer regions (a source
of 1 M or higher is likely to be detected ∼66% of the time in the outer regions, and
only ∼33% of the time in the central hub; see Section 2.4.3), or due to the high source
crowding potentially leading to multiple superposed sources being detected together as
single objects. Despite this, however, it seems likely that these sources represent at least
a more evolved population (due to their positions on the luminosity vs. mass diagram),
if not actually a more massive one. This is backed up by measurements of the local CFE
(core formation efficiency): the CFE of the central hub has a constant value of ∼15%,
while that of the outer regions is significantly lower. This fits with what is seen in other
regions (including NGC 2264 and Mon R1): a rapid increase in star-formation at about
an AV of 8, and a near-constant value above this.
In addition, IRAM molecular line observations (C18O, and also H2CO; Sec-
tion 3.5) show a spiral pattern within the hub, indicative of infall. The spiral arms
fit well into the filamentary pattern detected by getsources in the column density map,
implying that the arms are the tips of the filaments as they meet at the hub. The H2CO
observations do not show the spiral pattern as well, but they can be used to show the
positions of the cold, dense cores around the central Hii region.
Together, this suggests a scenario in which short-lived filaments accrete matter
onto the hubs (or ridges) that adjoin them. This will cause enhanced star formation
here, while depleting the outer regions. The dense central hub thus forms more stars, at
a faster rate than the outer regions, until it and the filaments are destroyed by feedback.
NGC 2264
NGC 2264 (Chapter 4; observed by Herschel , Spitzer , WISE, and the IRAM 30-m
telescope) is structurally quite different to Mon R2: it has far less filamentary structure,
and is centred on a small cluster of protostars, with a hot, low-density region to the north,
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associated with the star S Mon. Although the cluster is associated with neither a hub, nor
a filamentary ridge, it does have the same very high column density (> 1.5× 1022 cm−2)
as these regions. Its PDF (Figure 4.11 is also similar to that of Mon R2, with a lower-
column density power-law corresponding to gravitational collapse, and a higher-column
density power-law, likely corresponding to feedback from the cluster (and again, these
two regimes meet at ∼ 1.5 × 1022 cm−2). The sources detected within the region again
fall into two populations, corresponding to the Mon R2 hub and outer populations, one
within the cluster (28 sources), and one without (101 sources). Almost all of the cluster
sources (21) are protostellar, while younger sources are generally found in the outer
regions. It is very likely that this is a similar region to Mon R2, potentially one slightly
further evolved, in which the central cluster has already begun to break itself up by
feedback.
Mon R1
Mon R1 (Chapter 5; observed by Herschel and WISE) is a dense but less active region
near NGC 2264. It appears more quiescent then the other two regions, with a few
protostars and larger sources, but no hubs or ridges. There is no obvious very–high-
column density region (with only a few positions exceeding 1.5× 1022 cm−2), and the
PDF has only a single power-law tail (Figure 5.12). In total, 435 sources are robustly
detected in the region, although there is no differentiation between those detected above
and below 1.5 × 1022 cm−2. These sources belong to the same population as the outer
sources from Mon R2 and NGC 2264. It is possible that this represents a different type
of star-forming region to the others: one that will not form such a high density central
region.
Comparisons
Comparing the three regions, a picture of star-formation emerges in which the densest
parts of certain molecular clouds will accrete matter from the surrounding regions, fueling
far more star formation than occurs in the outer regions. The stars within these regions
will evolve sooner than those in outer regions, leading to the formation of Hii regions
and other forms of feedback, which will initially heat (and further compress) the dense
region, before breaking it up and ceasing star formation. From a theoretical point of
view, this suggests a core-formation process more consistent with competitive accretion
(in which material continues to accrete into cores from the surrounding cloud) than core
accretion (in which the cores are isolated once they have fragmented from the cloud), but
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it seems that the initial fragmentation is also important to the source mass, and without
higher resolution observations, no real inference can be made here. Such a region will be
recognisable on a PDF by its secondary power-law tail, and also by its high temperature,
despite also having high column density. Potential similar regions are seen in NGC 6334,
W3, and Ceph OB3.
Future Work
From here, the work can continue in three directions. First, further analysis of Mon R2
data already collected. This will include a more complete analysis of the IRAM 30-m
data, for a kinematic view of the hub, and also the use of HiRes (or a similar technique)
to gain even more resolution for the SPIRE data. Secondly, analysis of similar regions
could help. Most other HOBYS regions (including NGC 6334 and W3) are much farther
away than the Monoceros regions, and so have been observed by Herschel with much
poorer spatial resolution. Nevertheless, these two regions would likely expand the data
already collected, and Vela C (which is slightly closer than the Monoceros regions)
would likely also provide good data. In addition, non-HOBYS regions like Cep OB3,
which shows the secondary power-law tail, and has a similar distance to the Monoceros
regions, would also be good potential targets. Finally, higher-resolution observations
of these regions (especially the Mon R2 central hub) would prove invaluable for future
work. ALMA, for example, could potentially observe the Mon R2 central hub with
spatial resolutions of <0.1′′ (the observations of Dierickx et al. 2015 had a resolution of
∼0.5′′), although the area viewed would be significantly less than that of the IRAM 30-m
observations. Such observations would give us the abilty to characterise individual cores
(0.1′′ is under 100 AU at the distances of the Monoceros regions; this would be just good
enough to observe protoplanetary discs, such as the 210 AU disc around HL Tau seen
in Stephens et al. 2014). Line measurements could be used to measure motion, and also
trace the different environments (H2CO traces cold, dense regions; other species trace
energetic regions, such as might be seen where an Hii region interacts with cold, dense
clumps of matter).
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Appendix A: Region Images
A.1 Mon R2
This section provides images not given in the main text (specifically, every im-
age which provided a flux used for the SEDs, with the sole exception of the NGC 2264
MAMBO image, which is given in Figure 4.5). The images include: Mon R2 at all Her-
schel wavelengths (Figures A.1–A.5), all WISE wavelengths (3.4, 4.6, 12, and 22µm; Fig-
ures A.7–A.9), Spitzer MIPS 24µm (Figure A.10) and JCMT SCUBA-2 at and 850µm
(Figure A.11).
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216 Appendix A. Region Images
Figure A.1. Mon R2 as viewed by Herschel PACS 70µm. The white box is the area
on which getsources was run. The diffraction-limited instrumental beam (5.6′′) is shown
to the lower left of the image.
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Figure A.2. Mon R2 as viewed by Herschel PACS 160µm. The image is the same
area as covered by Figure A.1. The instrumental beam (11.4′′) is shown to the lower left
of the image.
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Figure A.3. Mon R2 as viewed by Herschel SPIRE 250µm. The image is the same
area as covered by Figure A.1 (there is a ∼ 20′ offset between the SPIRE and PACS
images). The instrumental beam (18.1′′) is shown to the lower left of the image.
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Figure A.4. Mon R2 as viewed by Herschel SPIRE 350µm. The image is the same
area as covered by Figure A.1. The instrumental beam (24.9′′) is shown to the lower left
of the image.
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Figure A.5. Mon R2 as viewed by Herschel SPIRE 500µm. The image is the same
area as covered by Figure A.1. The instrumental beam (36.4′′) is shown to the lower left
of the image.
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Figure A.6. Mon R2 as viewed by WISE 3.4µm. The instrumental beam (6.1′′) is
shown to the lower left of the image.
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Figure A.7. Mon R2 as viewed by WISE 4.6µm. The instrumental beam (6.4′′) is
shown to the lower left of the image.
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Figure A.8. Mon R2 as viewed by WISE 12µm. The instrumental beam (6.5′′) is
shown to the lower left of the image.
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Figure A.9. Mon R2 as viewed by WISE 22µm. The instrumental beam (12′′) is shown
to the lower left of the image.
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Figure A.10. Mon R2 as viewed by MIPS 24µm. The area of overlap between PACS
and SPIRE is shown by the white diamond.
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Figure A.11. Mon R2 as viewed by SCUBA-2 850µm. The area of overlap between
PACS and SPIRE is shown by the white diamond.
A.2. NGC 2264 227
A.2 NGC 2264
The images include: NGC 2264 at all Herschel wavelengths (Figures A.12–
A.16); WISE observations (3.4, 4.6, 12, and 22µm) of the NGC 2264 surroundings
(Figures A.17–A.20); and the MIPS 24µm map of the same region (Figure A.21).
Figure A.12. NGC 2264 as viewed by Herschel PACS 70µm. The region processed
by getsources is shown by the white box, on this and all other images. The diffraction-
limited instrumental beam (5.6′′) is shown to the lower left of the image.
228 Appendix A. Region Images
Figure A.13. NGC 2264 as viewed by Herschel PACS 160µm. The instrumental beam
(11.4′′) is shown to the lower left of the image.
A.2. NGC 2264 229
Figure A.14. NGC 2264 as viewed by Herschel PACS 250µm. The instrumental beam
(18.1′′) is shown to the lower left of the image.
230 Appendix A. Region Images
Figure A.15. NGC 2264 as viewed by Herschel PACS 350µm. The instrumental beam
(24.9′′) is shown to the lower left of the image.
A.2. NGC 2264 231
Figure A.16. NGC 2264 as viewed by Herschel PACS 500µm. The instrumental beam
(36.4′′) is shown to the lower left of the image.
232 Appendix A. Region Images
Figure A.17. NGC 2264 as viewed by WISE 3.4µm. The instrumental beam (6.1′′) is
shown to the lower left of the image.
A.2. NGC 2264 233
Figure A.18. NGC 2264 as viewed by WISE 4.6µm. The instrumental beam (6.4′′) is
shown to the lower left of the image.
234 Appendix A. Region Images
Figure A.19. NGC 2264 as viewed by WISE 12µm. The instrumental beam (6.5′′) is
shown to the lower left of the image.
A.2. NGC 2264 235
Figure A.20. NGC 2264 as viewed by WISE 22µm. The instrumental beam (12′′) is
shown to the lower left of the image.
236 Appendix A. Region Images
Figure A.21. NGC 2264 as viewed by MIPS 24µm. The area of overlap between PACS
and SPIRE is shown by the white diamond.
A.3. Mon R1 237
A.3 Mon R1
The images include: Mon R1 at all Herschel wavelengths (Figures A.22–A.26),
and at all WISE wavelengths (3.4, 4.6, 12, and 22µm; Figures A.27–A.30).
Figure A.22. Mon R1 as viewed by Herschel PACS 70µm. The region processed by
getsources is shown by the white box, on this and all other images. The diffraction-
limited instrumental beam (5.6′′) is shown to the lower left of the image.
238 Appendix A. Region Images
Figure A.23. Mon R1 as viewed by Herschel PACS 160µm. The instrumental beam
(11.4′′) is shown to the lower left of the image.
A.3. Mon R1 239
Figure A.24. Mon R1 as viewed by Herschel SPIRE 250µm. The instrumental beam
(18.1′′) is shown to the lower left of the image.
240 Appendix A. Region Images
Figure A.25. Mon R1 as viewed by Herschel SPIRE 350µm. The instrumental beam
(24.9′′) is shown to the lower left of the image.
A.3. Mon R1 241
Figure A.26. Mon R1 as viewed by Herschel SPIRE 500µm. The instrumental beam
(36.4′′) is shown to the lower left of the image.
242 Appendix A. Region Images
Figure A.27. Mon R1 as viewed by WISE 3.4µm. The instrumental beam (6.1′′) is
shown to the lower left of the image.
A.3. Mon R1 243
Figure A.28. Mon R1 as viewed by WISE 4.6µm. The instrumental beam (6.4′′) is
shown to the lower left of the image.
244 Appendix A. Region Images
Figure A.29. Mon R1 as viewed by WISE 12µm. The instrumental beam (6.5′′) is
shown to the lower left of the image.
A.3. Mon R1 245
Figure A.30. Mon R1 as viewed by WISE 22µm. The instrumental beam (12′′) is
shown to the lower left of the image.

Appendix B: Core Catalogues
B.1 Mon R2
The Mon R2 HOBYS catalogue tables are given here in full. There are ten tables:
a table for the source name and position, a table for each observed wavelength (output
from getsources), one for WISE fluxes, and one for derived parameters.
Mon R2 Global Parameters
This contains: source name; and α and δ, the source Right Ascension and Declination
in J2000 coordinates.
# HOBYS Name α δ
1 HOBYS J060747.7 −062256 06h07m47.73s −06◦22′56.3′′
2 HOBYS J060746.1 −062312 06h07m46.12s −06◦23′12.0′′
3 HOBYS J060745.5 −062239 06h07m45.54s −06◦22′38.9′′
4 HOBYS J060745.9 −062244 06h07m45.90s −06◦22′44.1′′
5 HOBYS J060744.9 −062326 06h07m44.86s −06◦23′25.7′′
6 HOBYS J060746.6 −062012 06h07m46.59s −06◦20′11.8′′
7 HOBYS J060744.5 −062300 06h07m44.53s −06◦22′59.8′′
8 HOBYS J060743.7 −062310 06h07m43.68s −06◦23′10.3′′
9 HOBYS J060708.9 −060341 06h07m08.87s −06◦03′41.2′′
10 HOBYS J060743.7 −062302 06h07m43.67s −06◦23′01.6′′
11 HOBYS J060741.8 −062120 06h07m41.85s −06◦21′20.4′′
12 HOBYS J060747.0 −062244 06h07m47.00s −06◦22′43.5′′
13 HOBYS J060757.3 −063105 06h07m57.27s −06◦31′04.8′′
14 HOBYS J060711.2 −054721 06h07m11.18s −05◦47′20.8′′
15 HOBYS J060745.7 −062223 06h07m45.65s −06◦22′22.7′′
16 HOBYS J060744.8 −062139 06h07m44.81s −06◦21′38.7′′
17 HOBYS J060742.9 −061903 06h07m42.88s −06◦19′03.3′′
18 HOBYS J060746.3 −062152 06h07m46.28s −06◦21′52.5′′
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19 HOBYS J060707.7 −060349 06h07m07.72s −06◦03′49.2′′
20 HOBYS J060743.8 −062330 06h07m43.78s −06◦23′30.3′′
21 HOBYS J060743.9 −062316 06h07m43.92s −06◦23′15.9′′
22 HOBYS J060758.6 −062531 06h07m58.57s −06◦25′30.5′′
23 HOBYS J060744.2 −062146 06h07m44.20s −06◦21′45.6′′
24 HOBYS J060832.9 −061812 06h08m32.88s −06◦18′11.7′′
25 HOBYS J060748.0 −062224 06h07m48.00s −06◦22′23.8′′
26 HOBYS J060743.2 −062223 06h07m43.16s −06◦22′22.9′′
27 HOBYS J060747.0 −062219 06h07m46.97s −06◦22′19.2′′
28 HOBYS J060840.8 −062346 06h08m40.82s −06◦23′45.7′′
29 HOBYS J060747.5 −062203 06h07m47.51s −06◦22′02.7′′
30 HOBYS J060741.8 −062257 06h07m41.81s −06◦22′57.3′′
31 HOBYS J060738.5 −062115 06h07m38.52s −06◦21′14.6′′
32 HOBYS J060749.3 −062238 06h07m49.25s −06◦22′38.5′′
33 HOBYS J060746.1 −062217 06h07m46.14s −06◦22′16.9′′
34 HOBYS J060743.9 −061102 06h07m43.86s −06◦11′02.1′′
35 HOBYS J060744.1 −062156 06h07m44.06s −06◦21′56.1′′
36 HOBYS J060743.1 −062147 06h07m43.13s −06◦21′47.5′′
37 HOBYS J060748.7 −062211 06h07m48.74s −06◦22′10.6′′
38 HOBYS J060741.8 −062152 06h07m41.80s −06◦21′52.2′′
39 HOBYS J060810.0 −062444 06h08m09.98s −06◦24′43.9′′
40 HOBYS J060724.7 −062455 06h07m24.68s −06◦24′54.9′′
41 HOBYS J060724.1 −063920 06h07m24.07s −06◦39′19.9′′
42 HOBYS J060748.7 −062355 06h07m48.65s −06◦23′55.0′′
43 HOBYS J060710.9 −062627 06h07m10.86s −06◦26′27.2′′
44 HOBYS J060738.6 −062208 06h07m38.58s −06◦22′08.3′′
45 HOBYS J060745.0 −062027 06h07m45.00s −06◦20′26.6′′
46 HOBYS J060751.9 −062541 06h07m51.87s −06◦25′40.7′′
47 HOBYS J060716.8 −062635 06h07m16.82s −06◦26′35.3′′
48 HOBYS J060710.9 −062652 06h07m10.85s −06◦26′51.8′′
49 HOBYS J060658.5 −055506 06h06m58.46s −05◦55′06.3′′
50 HOBYS J060739.5 −062134 06h07m39.46s −06◦21′34.3′′
51 HOBYS J060748.1 −062144 06h07m48.07s −06◦21′44.1′′
52 HOBYS J060747.9 −062501 06h07m47.92s −06◦25′00.6′′
53 HOBYS J060752.2 −062327 06h07m52.19s −06◦23′27.4′′
54 HOBYS J060734.1 −062429 06h07m34.12s −06◦24′29.1′′
55 HOBYS J060749.5 −062055 06h07m49.47s −06◦20′55.4′′
56 HOBYS J060741.0 −062133 06h07m41.02s −06◦21′33.4′′
57 HOBYS J060708.6 −060322 06h07m08.64s −06◦03′21.9′′
58 HOBYS J060740.3 −062447 06h07m40.28s −06◦24′46.9′′
59 HOBYS J060742.3 −062135 06h07m42.29s −06◦21′34.9′′
60 HOBYS J060753.0 −062132 06h07m53.01s −06◦21′31.9′′
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61 HOBYS J060801.0 −061927 06h08m01.01s −06◦19′26.8′′
62 HOBYS J060752.5 −062636 06h07m52.47s −06◦26′35.7′′
63 HOBYS J060736.4 −062212 06h07m36.43s −06◦22′12.3′′
64 HOBYS J060825.7 −061737 06h08m25.73s −06◦17′37.2′′
65 HOBYS J060757.2 −062519 06h07m57.21s −06◦25′18.8′′
66 HOBYS J060743.6 −061028 06h07m43.64s −06◦10′28.2′′
67 HOBYS J060805.9 −062447 06h08m05.88s −06◦24′47.3′′
68 HOBYS J060754.6 −062110 06h07m54.63s −06◦21′10.5′′
69 HOBYS J060659.0 −062211 06h06m59.00s −06◦22′10.7′′
70 HOBYS J060746.2 −061601 06h07m46.22s −06◦16′00.7′′
71 HOBYS J060757.6 −062706 06h07m57.58s −06◦27′06.2′′
72 HOBYS J060758.6 −061938 06h07m58.57s −06◦19′38.1′′
73 HOBYS J060737.4 −061808 06h07m37.42s −06◦18′08.4′′
74 HOBYS J060710.9 −054818 06h07m10.90s −05◦48′17.6′′
75 HOBYS J060654.5 −060437 06h06m54.52s −06◦04′36.8′′
76 HOBYS J060803.4 −062539 06h08m03.40s −06◦25′38.7′′
77 HOBYS J060757.2 −062158 06h07m57.23s −06◦21′57.6′′
78 HOBYS J060800.4 −061829 06h08m00.37s −06◦18′29.2′′
79 HOBYS J060751.4 −062706 06h07m51.44s −06◦27′06.3′′
80 HOBYS J060800.3 −062550 06h08m00.33s −06◦25′50.4′′
81 HOBYS J060740.3 −060435 06h07m40.34s −06◦04′35.0′′
82 HOBYS J060842.5 −062339 06h08m42.51s −06◦23′38.6′′
83 HOBYS J060640.2 −062116 06h06m40.24s −06◦21′15.8′′
84 HOBYS J060706.7 −060314 06h07m06.70s −06◦03′14.3′′
85 HOBYS J060711.0 −054708 06h07m11.03s −05◦47′07.5′′
86 HOBYS J060722.2 −064511 06h07m22.22s −06◦45′11.3′′
87 HOBYS J060803.9 −062718 06h08m03.88s −06◦27′18.4′′
88 HOBYS J060641.6 −062143 06h06m41.62s −06◦21′42.9′′
89 HOBYS J060818.3 −062442 06h08m18.32s −06◦24′42.4′′
90 HOBYS J060657.8 −055452 06h06m57.76s −05◦54′52.4′′
91 HOBYS J060741.6 −060836 06h07m41.64s −06◦08′36.2′′
92 HOBYS J060643.9 −060613 06h06m43.89s −06◦06′13.0′′
93 HOBYS J060827.4 −060123 06h08m27.35s −06◦01′22.5′′
94 HOBYS J060714.1 −062850 06h07m14.05s −06◦28′49.8′′
95 HOBYS J060712.4 −062920 06h07m12.38s −06◦29′19.9′′
96 HOBYS J060712.0 −060222 06h07m11.95s −06◦02′22.1′′
97 HOBYS J060650.3 −054656 06h06m50.33s −05◦46′55.7′′
98 HOBYS J060702.9 −063010 06h07m02.85s −06◦30′09.9′′
99 HOBYS J060702.5 −062911 06h07m02.47s −06◦29′10.6′′
100 HOBYS J060643.3 −061851 06h06m43.27s −06◦18′51.0′′
101 HOBYS J060621.9 −060519 06h06m21.88s −06◦05′19.0′′
102 HOBYS J060713.9 −063547 06h07m13.89s −06◦35′47.2′′
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103 HOBYS J060624.2 −061808 06h06m24.22s −06◦18′08.2′′
104 HOBYS J060620.6 −061030 06h06m20.63s −06◦10′30.3′′
105 HOBYS J060658.9 −060413 06h06m58.92s −06◦04′13.2′′
106 HOBYS J060800.5 −062726 06h08m00.50s −06◦27′25.7′′
107 HOBYS J060637.8 −061019 06h06m37.79s −06◦10′19.1′′
108 HOBYS J060733.3 −060412 06h07m33.33s −06◦04′11.8′′
109 HOBYS J060651.7 −055946 06h06m51.66s −05◦59′46.0′′
110 HOBYS J060647.2 −062001 06h06m47.20s −06◦20′00.9′′
111 HOBYS J060745.1 −060900 06h07m45.11s −06◦08′59.8′′
112 HOBYS J060652.2 −060455 06h06m52.15s −06◦04′55.2′′
113 HOBYS J060726.3 −063044 06h07m26.29s −06◦30′43.8′′
114 HOBYS J060641.2 −060648 06h06m41.16s −06◦06′48.2′′
115 HOBYS J060745.0 −060816 06h07m45.04s −06◦08′15.6′′
116 HOBYS J060623.6 −060254 06h06m23.62s −06◦02′54.5′′
117 HOBYS J060631.9 −060207 06h06m31.91s −06◦02′06.9′′
118 HOBYS J060707.8 −062806 06h07m07.79s −06◦28′05.9′′
119 HOBYS J060811.5 −061105 06h08m11.54s −06◦11′04.9′′
120 HOBYS J060746.3 −061453 06h07m46.33s −06◦14′53.4′′
121 HOBYS J060823.7 −055900 06h08m23.74s −05◦59′00.4′′
122 HOBYS J060749.5 −064012 06h07m49.53s −06◦40′11.9′′
123 HOBYS J060842.7 −060354 06h08m42.74s −06◦03′54.1′′
124 HOBYS J060633.3 −061544 06h06m33.35s −06◦15′43.5′′
125 HOBYS J060655.1 −063344 06h06m55.10s −06◦33′44.1′′
126 HOBYS J060711.0 −060608 06h07m11.03s −06◦06′07.8′′
127 HOBYS J060654.0 −054739 06h06m53.97s −05◦47′39.1′′
128 HOBYS J060607.7 −061717 06h06m07.72s −06◦17′17.4′′
129 HOBYS J060822.2 −061055 06h08m22.19s −06◦10′55.0′′
130 HOBYS J060705.5 −060352 06h07m05.51s −06◦03′52.0′′
131 HOBYS J060900.4 −061736 06h09m00.35s −06◦17′36.5′′
132 HOBYS J060635.5 −061647 06h06m35.51s −06◦16′47.0′′
133 HOBYS J060732.6 −061458 06h07m32.59s −06◦14′58.3′′
134 HOBYS J060814.8 −061139 06h08m14.76s −06◦11′39.0′′
135 HOBYS J060618.9 −060031 06h06m18.95s −06◦00′30.8′′
136 HOBYS J060646.5 −055644 06h06m46.52s −05◦56′43.7′′
137 HOBYS J060811.5 −062908 06h08m11.45s −06◦29′08.2′′
138 HOBYS J060707.1 −054213 06h07m07.09s −05◦42′13.2′′
139 HOBYS J060704.1 −054118 06h07m04.06s −05◦41′17.7′′
140 HOBYS J060724.3 −064529 06h07m24.26s −06◦45′28.5′′
141 HOBYS J060859.7 −061900 06h08m59.66s −06◦19′00.2′′
142 HOBYS J060640.4 −055307 06h06m40.36s −05◦53′06.8′′
143 HOBYS J060656.1 −054834 06h06m56.15s −05◦48′33.7′′
144 HOBYS J060743.4 −055031 06h07m43.41s −05◦50′31.3′′
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145 HOBYS J060638.3 −061534 06h06m38.35s −06◦15′34.4′′
146 HOBYS J060713.2 −060947 06h07m13.22s −06◦09′46.9′′
147 HOBYS J060717.7 −061728 06h07m17.66s −06◦17′27.7′′
148 HOBYS J060733.9 −060555 06h07m33.86s −06◦05′54.5′′
149 HOBYS J060743.1 −060136 06h07m43.07s −06◦01′36.2′′
150 HOBYS J060730.8 −055941 06h07m30.77s −05◦59′41.4′′
151 HOBYS J060704.2 −054441 06h07m04.24s −05◦44′41.2′′
152 HOBYS J060854.9 −061906 06h08m54.92s −06◦19′06.0′′
153 HOBYS J060703.6 −055139 06h07m03.62s −05◦51′38.7′′
154 HOBYS J060823.5 −061011 06h08m23.54s −06◦10′10.6′′
155 HOBYS J060629.5 −055953 06h06m29.53s −05◦59′52.7′′
156 HOBYS J060835.1 −062819 06h08m35.06s −06◦28′18.6′′
157 HOBYS J060829.3 −062728 06h08m29.32s −06◦27′28.3′′
158 HOBYS J060710.3 −062038 06h07m10.33s −06◦20′38.3′′
159 HOBYS J060732.9 −060520 06h07m32.90s −06◦05′20.3′′
160 HOBYS J060744.8 −063835 06h07m44.79s −06◦38′34.8′′
161 HOBYS J060852.0 −061446 06h08m51.98s −06◦14′46.1′′
162 HOBYS J060617.6 −062449 06h06m17.56s −06◦24′49.4′′
163 HOBYS J060700.4 −055521 06h07m00.45s −05◦55′20.6′′
164 HOBYS J060750.7 −061712 06h07m50.70s −06◦17′11.6′′
165 HOBYS J060709.1 −061558 06h07m09.08s −06◦15′57.5′′
166 HOBYS J060706.0 −062210 06h07m06.05s −06◦22′10.2′′
167 HOBYS J060842.7 −061320 06h08m42.69s −06◦13′20.1′′
168 HOBYS J060829.2 −062340 06h08m29.16s −06◦23′40.2′′
169 HOBYS J060903.7 −061809 06h09m03.71s −06◦18′08.9′′
170 HOBYS J060824.3 −061222 06h08m24.28s −06◦12′22.4′′
171 HOBYS J060816.8 −061703 06h08m16.78s −06◦17′03.4′′
172 HOBYS J060754.5 −064007 06h07m54.48s −06◦40′07.4′′
173 HOBYS J060709.6 −055839 06h07m09.61s −05◦58′39.1′′
174 HOBYS J060737.9 −060927 06h07m37.87s −06◦09′26.8′′
175 HOBYS J060706.3 −060904 06h07m06.32s −06◦09′04.3′′
176 HOBYS J060626.1 −060142 06h06m26.12s −06◦01′41.8′′
177 HOBYS J060718.6 −060500 06h07m18.60s −06◦04′59.9′′
178 HOBYS J060642.6 −062302 06h06m42.56s −06◦23′01.5′′
179 HOBYS J060612.4 −062659 06h06m12.44s −06◦26′59.5′′
180 HOBYS J060657.3 −061238 06h06m57.35s −06◦12′38.2′′
181 HOBYS J060737.3 −055800 06h07m37.26s −05◦58′00.4′′
182 HOBYS J060728.6 −062741 06h07m28.58s −06◦27′41.3′′
183 HOBYS J060833.9 −062410 06h08m33.89s −06◦24′10.2′′
184 HOBYS J060748.4 −060557 06h07m48.42s −06◦05′57.2′′
185 HOBYS J060851.8 −060420 06h08m51.83s −06◦04′20.4′′
186 HOBYS J060621.9 −055944 06h06m21.90s −05◦59′44.2′′
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187 HOBYS J060624.7 −061646 06h06m24.70s −06◦16′46.4′′
188 HOBYS J060635.6 −060601 06h06m35.61s −06◦06′00.6′′
189 HOBYS J060705.3 −055627 06h07m05.28s −05◦56′26.6′′
190 HOBYS J060825.2 −062706 06h08m25.22s −06◦27′06.3′′
191 HOBYS J060623.4 −060837 06h06m23.35s −06◦08′36.7′′
192 HOBYS J060706.8 −055515 06h07m06.82s −05◦55′14.5′′
193 HOBYS J060740.2 −060302 06h07m40.25s −06◦03′01.8′′
194 HOBYS J060813.2 −060446 06h08m13.18s −06◦04′46.3′′
Mon R2 24 µm Parameters
This contains: F24P and σ24P, the peak intensity and its uncertainty (in Jy/beam); F24T
and σ24T, the total flux density and its uncertainty (in Jy); A24, B24, and Θ24, the major
and minor axes (in arcseconds) and the axis orientation (in degrees). A negative value
for intensity or flux density means that getsources detected an extinction peak here. A
dash (–) shows a non-detection (the shape is still given, even though there is no flux to
associate with it).
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
1 0± 0.03 0± 0.04 14.2 6 101
2 0± 0.1 0± 0.1 19.8 6.5 68.2
3 0± 0.02 0± 0.02 10.8 6 18.1
4 0± 0.01 0± 0.01 15.1 6 106
5 −0.64± 0.07 −2.17± 0.08 10 9.1 20.4
6 0.67± 0.02 0.96± 0.03 6 6 49.3
7 0± 0.05 −0.05± 0.06 14.9 6 44.4
8 0.5± 0.5 0.2± 0.6 10.1 7.6 55.8
9 0.0395± 0.0007 0.122± 0.001 15.1 6.5 80.4
10 0.4± 0.6 0± 0.6 13.7 6 166
11 0.16± 0.03 0.2± 0.03 6.1 6 6.3
12 −0.02± 0.01 −0.39± 0.01 6 6 0
13 0.0255± 0.0009 0.056± 0.002 9.1 6.9 116
14 0.5118± 0.0003 1.014± 0.0008 6.6 6 37.1
15 0.7± 0.8 1.1± 0.8 9.9 6.3 178
16 1.4± 0.4 4.9± 0.7 16 8.4 35.9
17 0.032± 0.003 0.042± 0.003 6.8 6 118
18 −0.85± 0.07 −2.8± 0.07 9.7 9.3 105
19 0.4629± 0.0006 0.904± 0.001 7.2 6 57.4
20 0± 0.4 0.3± 0.4 6 6 0
21 0.2± 0.4 0.9± 0.4 13.3 6 82.7
B.1. Mon R2 253
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
22 0.053± 0.003 0.062± 0.003 7.1 6 161
23 0± 0.1 0± 0.1 8.6 6 139
24 0.35± 0.001 0.847± 0.003 7.7 6 96.8
25 0.1± 0.4 0.5± 0.5 7.7 6 84.5
26 0± 0.1 0.1± 0.2 21.4 6 51.8
27 0.2± 0.6 0.7± 0.6 9.1 6 126
28 0.1394± 0.0002 0.3325± 0.0005 8 6.4 154
29 −0.1± 0.2 −0.1± 0.2 19 6 169
30 0± 0.1 −0.2± 0.2 17.2 6.3 110
31 0.001± 0.005 0.003± 0.006 14.3 9 129
32 0.4± 0.6 0.9± 0.6 8.6 6 104
33 0.4± 0.6 0.7± 0.6 7.9 6 113
34 0.0385± 0.0008 0.08± 0.002 8.3 6.5 94.6
35 0± 0.1 −0.1± 0.2 11.2 6 17.2
36 −0.03± 0.05 −0.13± 0.07 20.1 6.3 96.2
37 0.1± 0.2 0.2± 0.2 11 6 95.8
38 −0.01± 0.03 −0.02± 0.03 9.1 6 73.8
39 0.0015± 0.0008 0.016± 0.001 17.7 13.5 176
40 0.005± 0.005 0.01± 0.005 9.1 7.4 48
41 0.0138± 0.001 0.033± 0.002 8.1 6.6 87
42 0± 0.08 0± 0.1 10.4 6 81.3
43 0.0003± 0.0003 −0.0002± 0.0004 22.5 7.7 72.6
44 0.01± 0.02 0.04± 0.02 18.6 7.3 28.8
45 0.12± 0.03 0.92± 0.06 14.9 14 19.3
46 0.1± 0.01 0.3± 0.04 7.1 6 92.5
47 0.0042± 0.0005 0.0062± 0.0006 8 6 120
48 0.0139± 0.0003 0.0211± 0.0005 8.3 6 103
49 0± 0.0002 0.0005± 0.0002 6 6 143
50 0.01± 0.02 0.04± 0.03 17.8 6.9 39.4
51 0.01± 0.09 −0.01± 0.09 12.3 6 155
52 −0.003± 0.005 0± 0.01 25.2 8.1 173
53 −0.041± 0.009 −0.59± 0.02 29.7 17 6.4
54 0.1± 0.02 3.32± 0.08 29.3 23.9 76
55 0± 0.01 0.02± 0.03 24 16.7 42.2
56 0.001± 0.01 0± 0.01 14.7 6 170
57 0.029± 0.001 0.034± 0.001 6.2 6 168
58 0.01± 0.01 0.05± 0.03 33.2 22.4 156
59 0± 0.02 −0.01± 0.02 6 6 0
60 −0.003± 0.007 −0.02± 0.01 24.1 12.3 59.5
61 0.0001± 0.0008 −0.004± 0.001 43.8 6.8 124
62 −0.001± 0.001 0.026± 0.003 33.8 13.5 60.5
63 −0.007± 0.002 −0.074± 0.006 30.4 14.2 42.6
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# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
64 0.0059± 0.0004 0.008± 0.001 6.1 6 168
65 0.008± 0.003 0.02± 0.01 51.5 27 118
66 0.0001± 0.0002 0.031± 0.001 69.4 36.9 151
67 −0.0026± 0.0006 −0.028± 0.002 29.6 11.6 87.1
68 −0.002± 0.004 −0.05± 0.01 33.3 16.5 23.3
69 0.0002± 0.0002 0.0235± 0.0006 49.6 32.6 57.6
70 −0.0035± 0.0006 −0.039± 0.003 36.8 18.6 78.3
71 0.0008± 0.0007 −0.01± 0.002 57.3 16.8 27.5
72 −0.0016± 0.0005 −0.0094± 0.0009 27.9 7.4 10.7
73 0.0001± 0.0005 0.001± 0.002 32.4 24.4 94.1
74 −0.0003± 0.0001 −0.0027± 0.0003 44.8 7.8 99.2
75 0± 0.0003 0.02± 0.001 6.1 6 152
76 −0.0016± 0.0003 −0.046± 0.001 36.8 25.8 13.2
77 0.005± 0.008 0.15± 0.04 48.3 41.9 81.6
78 0± 0.0004 0.005± 0.001 45.4 22.6 128
79 −0.0022± 0.0002 −0.0186± 0.0006 21.8 17.9 110
80 0.001± 0.001 0.048± 0.006 44.1 36.1 0.2
81 0.0003± 0.0006 0.007± 0.002 41.1 27.9 19
82 −0.0002± 0.0001 0.0097± 0.0004 49.5 18.6 3.8
83 −0.0002± 0.0001 0.0001± 0.0003 23.1 16.1 3
84 – – 23.8 18.8 9.4
85 0.0208± 0.0005 0.0926± 0.0009 15.8 9.1 46.4
86 0.024± 0.002 0.049± 0.002 10.2 7.2 148
87 0.001± 0.002 0.06± 0.01 72.6 62.5 100
88 −0.00004± 0.00005 −0.0004± 0.0001 32.9 8.2 71.1
89 −0.0002± 0.0003 −0.0011± 0.0005 36.8 6.1 143
90 −0.0001± 0.0002 0.5169± 0.0006 42.3 22.1 16.7
91 −0.0002± 0.0005 −0.002± 0.001 37.3 8 179
92 −0.00003± 0.00009 −0.0007± 0.0002 38.6 12.7 82.8
93 0.0001± 0.0003 0.005± 0.001 50.5 42.5 76
94 0.0004± 0.0003 0.014± 0.001 41.4 24.2 92.8
95 −0.0004± 0.0002 −0.0045± 0.0009 40.1 17.6 63.1
96 0± 0.0001 −0.0011± 0.0005 42.5 18.1 170
97 0.0001± 0.0006 0.003± 0.002 42.2 33.9 17.7
98 −0.00013± 0.00005 −0.002± 0.0001 31.4 15.2 90.4
99 0± 0.0001 0.0014± 0.0004 42.6 23.4 69.3
100 −0.0001± 0.0001 −0.0006± 0.0002 25.2 7 107
101 −0.00003± 0.00006 −0.0012± 0.0003 63 25.2 164
102 0.0004± 0.0003 0.02± 0.002 70 44.5 25.5
103 −0.00009± 0.00004 −0.0017± 0.0001 38.5 19.2 118
104 −0.00004± 0.00009 −0.003± 0.0007 73.8 49.8 131
105 −0.00006± 0.00006 −0.0003± 0.0001 44.6 6.4 40.4
B.1. Mon R2 255
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
106 0.0003± 0.0008 −0.007± 0.002 46.1 24.4 38.7
107 −0.00009± 0.00003 −0.0012± 0.0001 70.2 13.2 76.7
108 −0.00015± 0.00009 −0.005± 0.0004 42.5 29.9 106
109 0.00011± 0.00004 −0.0118± 0.0002 74.9 44.8 22.1
110 0.0032± 0.0001 0.3961± 0.0006 76.3 43.3 100
111 −0.0001± 0.0002 −0.0033± 0.0005 26.7 17.9 151
112 0± 0.0001 −0.0007± 0.0003 29.9 20 88.7
113 −0.00001± 0.00008 −0.0008± 0.0002 48.3 6 20.5
114 −0.00002± 0.00003 −0.00052± 0.00009 32 12.9 25.5
115 −0.0003± 0.0003 −0.005± 0.001 36.6 22.6 5.4
116 0± 0.0001 0.0016± 0.0006 42.9 35.9 71.8
117 0.00001± 0.00004 0.0014± 0.0001 39.9 35.9 150
118 −0.0003± 0.0002 −0.0023± 0.0004 44.6 7.2 172
119 0.001± 0.001 0.038± 0.004 42.2 30.1 113
120 0.004± 0.002 0.052± 0.007 45 9.6 167
121 0.0001± 0.0003 0.009± 0.002 54.8 48.1 157
122 −0.0001± 0.0003 −0.003± 0.001 44.4 18.1 61.2
123 0± 0.0009 0± 0.004 44.6 32.5 65.4
124 −0.00009± 0.00004 −0.0029± 0.0002 48.4 25.3 22.2
125 −0.00023± 0.00006 −0.0065± 0.0004 66.7 21 3
126 0.0001± 0.0003 0.018± 0.002 58.8 50 95.2
127 −0.0002± 0.0003 −0.003± 0.001 36 20.5 31.2
128 −0.00005± 0.00004 −0.0009± 0.0001 42.8 18.8 70.2
129 0.005± 0.0009 0.037± 0.002 22 11 34
130 −0.0002± 0.0001 0.0001± 0.0003 33.5 6.6 10
131 0± 0.0002 −0.0001± 0.0005 42.5 6.3 41.9
132 0.0002± 0.0003 0.003± 0.002 45.8 40.8 53.5
133 0± 0.0001 −0.0002± 0.0003 39.2 14 29.4
134 0± 0.001 0.18± 0.01 87.7 83.2 55.1
135 0± 0.00005 −0.0014± 0.0002 51.4 44.9 84.7
136 −0.00014± 0.0001 −0.0006± 0.0003 71.1 8 73.1
137 0.003± 0.002 0.078± 0.007 47.5 24 115
138 0.015± 0.001 3.197± 0.009 86.6 45.1 136
139 0± 0.00003 −0.0013± 0.0001 6 6 0
140 0.0092± 0.0001 0.3209± 0.0005 37.6 31.9 72.4
141 −0.0001± 0.0003 −0.0004± 0.0007 38.3 6 14
142 −0.00009± 0.00005 −0.0002± 0.0001 36.6 6 67.6
143 0± 0.0005 −0.003± 0.002 57.9 26.1 164
144 0.0002± 0.0003 0.084± 0.004 102 93.7 11.4
145 0.0001± 0.0002 0.0015± 0.0007 36.5 28 156
146 0.00004± 0.00009 0.0002± 0.0003 36.9 16.9 122
147 −0.00029± 0.0001 −0.0352± 0.0008 90 45.9 9.9
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# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
148 −0.00016± 0.00007 −0.0028± 0.0002 33.5 17.6 44.7
149 −0.0001± 0.0001 −0.0021± 0.0003 36.1 18.1 169
150 −0.00009± 0.00004 −0.0008± 0.0001 43.6 14.4 71.7
151 −0.00015± 0.00005 −0.0046± 0.0002 34.3 26.3 45.8
152 0± 0.0005 −0.002± 0.002 33.8 28.3 154
153 0± 0.0001 0.0039± 0.0005 46.2 33.5 29.6
154 0.0078± 0.001 0.137± 0.003 30.5 17 5.7
155 0.0001± 0.0001 0.0019± 0.0004 40.5 28.2 179
156 0.0002± 0.0001 0.0076± 0.0006 50.2 34.8 100
157 0± 0.0008 0± 0.004 62.1 36.5 1
158 0.0006± 0.0006 0.053± 0.004 63 56.4 45.8
159 0.0005± 0.0001 0.0125± 0.0005 35.8 22.7 53.6
160 0.0003± 0.0008 0.152± 0.008 83.5 77.2 90.9
161 −0.0001± 0.0004 −0.0003± 0.0008 35.1 9.4 137
162 −0.00012± 0.00003 −0.0045± 0.0001 64.9 17.8 158
163 0.001± 0.001 0.58± 0.01 124 69.8 18.2
164 0.004± 0.001 0.15± 0.005 43.3 27.4 157
165 −0.0001± 0.0001 −0.013± 0.0009 58 41.2 53.6
166 −0.00038± 0.00005 −0.0096± 0.0002 31.6 28.7 142
167 0.0009± 0.0003 0.017± 0.001 36.8 23.1 171
168 0± 0.0001 −0.0006± 0.0005 37 34.2 162
169 −0.0005± 0.0003 −0.018± 0.001 43.5 26.2 12
170 0.0031± 0.0008 0.147± 0.004 49.8 31.3 154
171 0.0008± 0.0005 0.038± 0.002 35.6 28.8 174
172 0.0004± 0.0007 0.053± 0.005 82.7 54 18.5
173 0± 0.001 0.059± 0.008 87.4 75.2 88
174 −0.0002± 0.0001 −0.0036± 0.0004 31.9 18.3 149
175 0± 0.0003 −0.021± 0.003 100 70.8 149
176 −0.0002± 0.0001 −0.0044± 0.0006 40.6 31.9 138
177 −0.0008± 0.0004 −0.034± 0.002 44 32.4 17.4
178 0.0008± 0.0005 0.03± 0.001 46.7 23.4 47.1
179 −0.00006± 0.00008 0± 0.0004 71.3 29.6 91.7
180 0.0006± 0.0003 0.062± 0.002 69.8 32.2 176
181 −0.0004± 0.0009 −0.034± 0.006 52.9 45 93.9
182 0.0013± 0.0008 0.017± 0.004 58.4 29.2 45
183 −0.00023± 0.00006 −0.0083± 0.0003 46.7 31.7 122
184 −0.0002± 0.0003 −0.012± 0.002 52.8 41.2 101
185 0.00002± 0.00007 0.0004± 0.0002 34.8 25 104
186 0± 0.00006 −0.0035± 0.0002 40.2 25.4 14
187 −0.0001± 0.00004 0± 0.0001 51.7 11.2 86.6
188 0.00006± 0.00008 0.0072± 0.0007 80.5 71.4 30.2
189 0.0001± 0.0002 0.0273± 0.0009 73.8 46.7 7.3
B.1. Mon R2 257
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
190 0± 0.0002 0± 0.001 52.5 40.6 35.5
191 −0.00007± 0.00004 −0.0013± 0.0001 49.7 17.5 35.3
192 0.0008± 0.0001 0.0588± 0.0007 54.2 37.9 164
193 0± 0.0001 −0.0072± 0.0006 56.5 46.8 53.4
194 0.0009± 0.0003 0.031± 0.001 47 22 139
70 µm Parameters
As for 24µm.
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
1 990± 50 1740± 80 6.4 5.9 54.1
2 600± 50 1730± 80 14.3 5.9 69.6
3 410± 60 410± 60 5.9 5.9 45
4 300± 40 880± 70 10.1 7.2 67.3
5 140± 40 250± 50 9 5.9 43.6
6 44.6± 0.3 52.2± 0.4 5.9 5.9 171
7 90± 40 340± 60 13.1 7.2 143
8 30± 10 −10± 30 9.9 5.9 53.9
9 12.85± 0.07 13.78± 0.09 5.9 5.9 94
10 40± 20 60± 20 10 6.2 176
11 27± 1 30± 1 5.9 5.9 53.9
12 40± 50 90± 50 9.7 5.9 136
13 6± 0.01 6.82± 0.02 5.9 5.9 77.5
14 4.08± 0.01 5.18± 0.02 5.9 5.9 1.7
15 20± 10 30± 10 7.7 5.9 166
16 17± 6 55± 9 14.3 7.7 146
17 6.1± 0.04 5.89± 0.05 5.9 5.9 67.3
18 24± 5 39± 6 7.2 5.9 1.4
19 3.25± 0.07 2.72± 0.07 5.9 5.9 89.2
20 10± 7 25± 10 8.4 7.1 89.1
21 20± 10 10± 10 6.8 5.9 108
22 3.15± 0.03 2.84± 0.03 5.9 5.9 49.6
23 10± 4 17± 5 7.2 6 160
24 1.88± 0.02 2.25± 0.03 6.2 5.9 97.8
25 4± 8 4± 9 9.3 5.9 15.5
26 6± 3 19± 4 15.3 7.1 109
27 −2± 8 −13± 8 12.4 5.9 39.3
28 1± 0.01 1.1± 0.01 5.9 5.9 87.5
29 4± 4 14± 5 11.4 6.7 170
30 4± 2 22± 4 16.6 8.9 75
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# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
31 2.1± 0.4 2.7± 0.7 5.9 5.9 99.2
32 −1± 6 −7± 6 5.9 5.9 135
33 4± 5 −1± 5 8.2 6.3 162
34 0.87± 0.02 0.96± 0.02 6.1 5.9 56.9
35 3± 3 9± 3 12.2 7.2 106
36 4± 2 17± 3 13.2 8.7 74.8
37 1± 2 3± 2 8.8 5.9 15.1
38 3± 0.9 4.8± 0.9 7.7 5.9 86.8
39 0.48± 0.03 0.64± 0.06 5.9 5.9 148
40 0.7± 0.3 0.6± 0.3 5.9 5.9 97.5
41 0.36± 0.01 0.47± 0.03 5.9 5.9 70
42 0± 0.8 −10± 2 7 5.9 34.4
43 0.32± 0.01 0.45± 0.02 6.6 5.9 24.2
44 1.2± 0.6 6± 1 19.5 8 37.7
45 0.7± 0.3 0.8± 0.5 12.2 5.9 172
46 0.35± 0.08 1.4± 0.2 14.3 8.2 95.8
47 0.41± 0.02 0.34± 0.02 5.9 5.9 101
48 0.35± 0.01 0.36± 0.02 5.9 5.9 56.2
49 0.36± 0.01 0.33± 0.01 5.9 5.9 40.3
50 0.1± 0.3 0.1± 0.6 14.2 7.8 93.8
51 1± 2 1± 2 10.1 6.7 108
52 0.2± 0.2 2.2± 0.5 23.4 12.1 153
53 0.5± 0.5 3± 1 22.2 9.4 116
54 0.6± 0.6 13± 2 26 22.8 4.5
55 0.3± 0.3 2.8± 0.6 22.7 10.2 47.4
56 0.5± 0.4 0.9± 0.4 9.2 6.4 116
57 0.16± 0.03 0.15± 0.03 5.9 5.9 172
58 0.1± 0.2 1.1± 0.5 31.2 14.1 107
59 0.3± 0.8 0.3± 0.8 8.4 5.9 85.9
60 0.4± 0.2 1.9± 0.5 12.8 9.2 59.3
61 −0.01± 0.01 −0.21± 0.04 35.2 16.9 130
62 0± 0.02 0.04± 0.05 30.7 14 71
63 0.1± 0.2 1.4± 0.7 30.8 21.1 10.1
64 0.04± 0.01 0.42± 0.05 28.5 26.9 154
65 0.01± 0.02 0.6± 0.1 42.5 38.7 114
66 −0.017± 0.008 0.02± 0.05 69.8 34.3 72.8
67 −0.05± 0.009 −0.37± 0.02 34.3 8.7 79.5
68 0.03± 0.06 0.1± 0.2 29.7 27.8 66.9
69 0.008± 0.004 −0.02± 0.02 39.2 33.4 44.6
70 0.02± 0.03 2.1± 0.2 52.4 50.6 143
71 0.03± 0.02 0.47± 0.08 38.6 37.8 148
72 0.02± 0.02 0.36± 0.06 30.4 24.7 130
B.1. Mon R2 259
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
73 −0.016± 0.008 −0.15± 0.02 30.3 16.8 6.1
74 0.004± 0.004 −0.27± 0.02 50.6 46.8 112
75 −0.032± 0.009 −0.02± 0.02 33.3 6.6 15.7
76 −0.022± 0.007 0± 0.02 34 9.9 24.2
77 −0.03± 0.03 −0.6± 0.1 45.7 16.5 153
78 −0.027± 0.008 −0.05± 0.02 36 7.1 172
79 −0.015± 0.009 0± 0.02 25.4 10.9 81.1
80 −0.02± 0.01 −0.04± 0.05 40.2 17.1 77.5
81 0.0024± 0.0009 0.38± 0.004 36.9 31.4 120
82 0.012± 0.009 0.54± 0.05 49 45.8 0.9
83 −0.013± 0.007 0± 0.01 30.7 7.8 20.1
84 0.003± 0.001 −0.029± 0.003 34 13.3 152
85 −0.013± 0.003 0± 0.005 22.5 6.3 64.9
86 0.11± 0.01 0.17± 0.02 8.3 6.5 16
87 −0.031± 0.007 −1.24± 0.05 63.9 53.6 68.4
88 −0.025± 0.008 −0.03± 0.01 30.1 7.7 60.1
89 0± 0.007 −0.1± 0.02 37.9 23.8 104
90 −0.033± 0.01 −0.1± 0.02 37.5 6.5 35.9
91 0.006± 0.008 −0.09± 0.03 41.3 34.6 148
92 −0.004± 0.008 0± 0.03 38.8 18.1 0.2
93 0.014± 0.005 0.3± 0.03 47.9 41.5 152
94 −0.012± 0.005 0± 0.02 38 33.4 144
95 0± 0.006 0.16± 0.02 53.6 16.1 135
96 −0.003± 0.002 −0.004± 0.005 37.6 9.7 69.5
97 0.0195± 0.0003 0.076± 0.002 37.4 34.6 62.2
98 −0.014± 0.002 0.003± 0.005 31.1 10.5 137
99 0.0012± 0.001 0.043± 0.003 40.7 26.6 140
100 0.003± 0.001 0.023± 0.004 30.6 24.3 148
101 0.0116± 0.0005 0.132± 0.004 62.3 59.4 98.6
102 −0.011± 0.003 0± 0.02 66.8 42.9 143
103 0.021± 0.008 −0.05± 0.04 40 38.3 114
104 0± 0.005 0.23± 0.04 86.3 55.1 43.6
105 0.007± 0.002 0.02± 0.01 36.1 35.5 168
106 0.004± 0.01 −0.08± 0.04 41.7 33.3 118
107 0.0041± 0.0006 0.213± 0.005 65.8 61.5 175
108 0.008± 0.002 0.19± 0.01 43.9 40 71.6
109 0.001± 0.006 0.23± 0.04 61.4 41.1 62
110 0.003± 0.001 0.25± 0.007 57.5 54.5 6.1
111 −0.009± 0.007 0± 0.02 40 11 106
112 −0.02± 0.01 −0.03± 0.03 31.4 15 180
113 0± 0.009 0.11± 0.03 14.5 11.7 113
114 0.008± 0.004 0.09± 0.02 36.2 30 150
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# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
115 −0.018± 0.006 0± 0.02 35.2 17.1 12.1
116 −0.012± 0.009 0.01± 0.04 42.1 29.7 3.5
117 −0.011± 0.009 0± 0.03 33.3 21.9 120
118 0.014± 0.009 0.49± 0.05 45.3 43.7 164
119 0.15± 0.03 2.16± 0.08 30.4 13.8 140
120 0.09± 0.03 1.4± 0.1 37.5 23 37.8
121 0.002± 0.003 −0.02± 0.02 50.2 46.7 93.4
122 0.015± 0.008 0.39± 0.05 46.8 44.6 80.2
123 −0.008± 0.008 −0.1± 0.03 42.6 23.4 82.8
124 – – 51.3 46.7 46.2
125 0± 0.004 −0.37± 0.04 5.9 5.9 0
126 0.012± 0.005 0.72± 0.03 58.4 55.1 29.1
127 −0.016± 0.009 −0.06± 0.03 42.7 16.6 174
128 −0.02± 0.01 −0.05± 0.02 39.9 7.6 91.5
129 0.09± 0.01 0.73± 0.03 23 10.4 23.4
130 0± 0.003 0± 0.01 35.4 25.8 137
131 0.008± 0.007 0.14± 0.03 38.3 36.6 81.2
132 0.006± 0.002 −0.019± 0.009 50.5 34.8 178
133 −0.006± 0.006 0± 0.01 42.4 6.9 19.5
134 0.17± 0.03 14.8± 0.3 61.1 41 162
135 −0.01± 0.009 −0.02± 0.04 45.6 29.4 6.6
136 0.009± 0.002 0.18± 0.02 63.7 59.5 122
137 0.002± 0.007 −0.09± 0.04 52.7 41.9 79.9
138 −0.04± 0.01 −2.8± 0.1 79 65.7 113
139 0.023± 0.004 −0.09± 0.02 35.3 31.1 19.6
140 0.01± 0.007 0.22± 0.03 34.8 34.2 40.4
141 −0.002± 0.004 0.34± 0.02 35.3 25.8 150
142 −0.017± 0.01 −0.02± 0.04 35.7 32.1 25.3
143 −0.016± 0.009 −0.1± 0.03 55.1 15.9 141
144 0.006± 0.002 0.89± 0.02 95.2 89.9 160
145 0.025± 0.007 −0.07± 0.03 32.4 30.3 72.1
146 0.011± 0.007 0.1± 0.04 46.5 45.3 79.9
147 0.02± 0.01 2.3± 0.1 88.1 85.8 20.1
148 0.022± 0.01 0.03± 0.04 36.7 33.5 29.9
149 0± 0.003 0.197± 0.008 43.1 17.2 125
150 −0.02± 0.01 −0.01± 0.05 45.7 32.8 92
151 −0.007± 0.008 0.01± 0.03 36.1 22.8 64.6
152 0.019± 0.009 0.1± 0.03 33.4 26.6 1
153 −0.012± 0.008 −0.01± 0.03 38.1 24.3 154
154 0.11± 0.01 1.8± 0.05 29.7 17.6 20.9
155 −0.018± 0.01 −0.05± 0.02 42 7.6 146
156 0.015± 0.01 0.26± 0.05 45.7 44.3 3.1
B.1. Mon R2 261
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
157 0.03± 0.01 0.22± 0.06 54.4 46.1 171
158 −0.025± 0.002 −0.001± 0.01 58.8 21.3 56.5
159 0.013± 0.008 −0.07± 0.04 37.4 33.1 70.8
160 0± 0.007 0.23± 0.05 115 65.7 30.1
161 −0.007± 0.002 0.085± 0.007 36.5 24.2 48.9
162 0.0077± 0.0006 −0.206± 0.005 68.5 63.7 66.4
163 −0.002± 0.008 1.84± 0.08 107 71.2 40.6
164 0.06± 0.03 1.7± 0.1 37.8 23.8 179
165 0.002± 0.005 0.21± 0.04 58 54.1 146
166 −0.016± 0.001 −0.093± 0.003 34.2 12.3 83.9
167 0.07± 0.01 0.59± 0.04 26.7 13.8 141
168 0± 0.006 0.25± 0.03 53.2 32.6 5.5
169 −0.012± 0.001 −0.157± 0.006 43.8 37.4 9.7
170 0.04± 0.01 1.28± 0.06 48.6 23.4 151
171 0.01± 0.02 0.07± 0.04 42.4 9.4 90.7
172 0.015± 0.009 1.88± 0.06 71.6 40.8 156
173 −0.03± 0.01 −0.03± 0.07 68.1 44.3 120
174 −0.005± 0.007 −0.01± 0.02 32.1 24.7 117
175 0.004± 0.002 0.28± 0.02 94.3 86.1 133
176 0.0105± 0.0009 0.018± 0.005 51.7 47.8 89.6
177 0.0023± 0.0003 0.309± 0.002 46.6 43.7 50.8
178 0.026± 0.01 0.87± 0.04 36.2 32 77.6
179 0.003± 0.005 −0.18± 0.04 62.8 60.6 17.6
180 −0.002± 0.007 0.41± 0.03 61.8 30.5 116
181 0.012± 0.003 0.41± 0.02 64.4 57 160
182 0.01± 0.03 0.8± 0.2 55.8 49.2 18.1
183 0.004± 0.009 −0.68± 0.05 49.1 46.9 3.8
184 0.02± 0.01 0.46± 0.07 57.2 50 175
185 0.009± 0.004 0.19± 0.01 35.1 30.2 58.6
186 −0.006± 0.007 −0.01± 0.02 36.4 14.8 114
187 0.026± 0.009 0.04± 0.06 58.2 49.8 13.8
188 −0.008± 0.007 −0.01± 0.06 76 54.4 52.8
189 0.004± 0.003 0.42± 0.02 65.1 55.4 120
190 0.008± 0.008 −0.05± 0.04 45.4 39 145
191 −0.03± 0.01 −0.01± 0.06 45.8 35.5 106
192 0.004± 0.005 0.1± 0.03 43.7 41 94.6
193 −0.015± 0.007 −0.15± 0.04 50.1 30.3 124
194 0.03± 0.01 0.22± 0.04 42 14.2 148
160 µm Parameters
As for 24µm.
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
1 560± 40 950± 50 17.7 11.7 48
2 770± 40 1020± 40 15.7 11.7 65.1
3 220± 40 250± 40 11.7 11.7 58
4 310± 40 360± 40 11.7 11.7 25.1
5 280± 50 420± 50 12.8 11.7 68.7
6 73± 3 63± 3 11.7 11.7 75.3
7 120± 40 150± 40 14.2 11.7 154
8 130± 50 180± 50 12.3 11.7 111
9 25.93± 0.1 32.9± 0.2 11.7 11.7 82.9
10 230± 50 290± 50 11.7 11.7 47.7
11 45± 5 47± 6 11.7 11.7 73
12 130± 50 160± 50 11.7 11.7 94.7
13 10.44± 0.07 12.5± 0.1 11.7 11.7 80
14 5.79± 0.04 6.73± 0.08 11.7 11.7 63.9
15 100± 20 160± 20 13 11.9 141
16 40± 10 90± 20 17.3 11.9 2.1
17 10.6± 0.5 11.8± 0.5 11.7 11.7 45.4
18 50± 20 70± 20 13.1 11.7 8
19 4.7± 0.1 8.2± 0.2 17.7 11.7 6
20 120± 40 140± 40 11.7 11.7 121
21 10± 10 0± 10 11.7 11.7 44.2
22 4.9± 0.4 4.6± 0.4 11.7 11.7 46.8
23 30± 10 40± 20 11.7 11.7 119
24 2.8± 0.1 3± 0.1 14.6 11.7 81.3
25 90± 40 100± 40 12.9 11.7 177
26 60± 20 70± 20 14.3 11.7 113
27 130± 30 200± 30 15.3 11.7 77.6
28 1.5± 0.08 1.66± 0.09 11.7 11.7 86.2
29 70± 30 130± 30 15.9 12.9 136
30 50± 20 70± 20 14.5 11.7 140
31 11± 3 13± 3 11.7 11.7 130
32 10± 30 −20± 30 12.9 12.3 30
33 70± 10 130± 10 16.2 11.7 5.5
34 2.2± 0.1 2.4± 0.1 11.7 11.7 54.1
35 40± 10 50± 10 14.3 11.7 108
36 50± 10 60± 10 11.7 11.7 53.3
37 20± 10 10± 10 14.3 11.7 50.4
38 21± 5 19± 5 11.7 11.7 101
39 3.1± 0.3 3± 0.3 11.7 11.7 64.4
40 3± 1 3± 1 12.3 11.7 85.2
41 1.83± 0.07 1.81± 0.07 11.7 11.7 33.7
42 10± 10 −20± 10 15.8 12.2 90.4
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
43 2.82± 0.09 2.9± 0.1 11.7 11.7 71.4
44 12± 4 18± 5 13.8 11.7 64.8
45 9± 3 12± 3 17 11.7 34.5
46 3± 1 8± 1 17.6 12.4 56
47 0.9± 0.2 0.9± 0.2 11.7 11.7 78.1
48 1.04± 0.06 1.07± 0.06 11.7 11.7 88.3
49 0.37± 0.07 0.71± 0.07 16.6 13.9 87.5
50 6± 3 12± 4 24.7 11.7 65.5
51 15± 4 19± 4 13.1 11.7 170
52 10± 3 26± 5 21.2 12.6 142
53 14± 6 32± 8 21.3 11.7 51.2
54 3± 2 11± 3 27.6 11.8 22.9
55 7± 3 17± 3 21.9 11.7 47.4
56 2± 4 1± 4 17.3 11.7 91.8
57 0± 0.1 1.7± 0.1 11.7 11.7 58.5
58 5± 2 15± 3 21.5 14.7 27.2
59 1± 4 0± 4 11.7 11.7 159
60 9± 3 15± 3 17.4 11.7 57.5
61 2.1± 0.5 5.1± 0.8 20 11.8 8.6
62 2.5± 0.7 8± 1 19.7 14.6 47.8
63 7± 2 19± 4 21 15.4 132
64 1.08± 0.07 2.9± 0.1 17.2 13.2 126
65 1.1± 0.5 12± 1 37.9 33.5 76.5
66 0.72± 0.07 5.3± 0.2 47.8 20.5 179
67 0.3± 0.2 1.1± 0.3 32.2 15.2 74.1
68 3± 1 13± 2 22.6 16.9 32.8
69 0.29± 0.06 1.1± 0.1 25 14.9 76.5
70 1.2± 0.3 4.5± 0.6 32.7 15.1 71.6
71 0.8± 0.3 3.4± 0.6 24.5 19.3 147
72 1.7± 0.5 4± 0.6 18.6 11.9 25.4
73 0.4± 0.2 1± 0.3 26.4 11.7 16.2
74 0.08± 0.06 0.2± 0.2 44.2 41.1 91.9
75 0.21± 0.04 0.5± 0.05 26.1 11.7 63.8
76 0.4± 0.3 0.9± 0.4 32.6 15.3 69.5
77 1.1± 0.8 4± 1 41.9 13.4 71.3
78 0.9± 0.2 2.3± 0.3 26.8 11.7 25.8
79 0.6± 0.3 1.3± 0.4 22 14.7 1.9
80 0.4± 0.4 1.8± 0.6 37.3 13.3 89.2
81 0.25± 0.04 1.36± 0.07 28.8 20.3 88.3
82 0.29± 0.05 2.2± 0.1 40.8 19.6 70.3
83 0.15± 0.04 0.29± 0.06 14.8 11.7 46.8
84 0.09± 0.08 −0.6± 0.1 28.5 21.3 153
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
85 0± 0.04 0.12± 0.05 11.7 11.7 158
86 0.58± 0.05 0.53± 0.05 11.7 11.7 63.6
87 0.2± 0.1 2.7± 0.5 64.1 48.8 68
88 0.07± 0.04 0.18± 0.06 20.5 12.9 52.3
89 0.3± 0.1 0.8± 0.2 22.9 11.7 82.5
90 0.53± 0.08 1.6± 0.1 23.3 11.7 77.6
91 0.21± 0.07 0.9± 0.1 32.9 13.7 3.4
92 0.1± 0.03 0.9± 0.08 35.4 30.9 34.5
93 0.19± 0.03 1.15± 0.05 37.7 17 163
94 0.13± 0.06 0.6± 0.1 31.5 25.1 58.1
95 0.17± 0.09 1.1± 0.2 37.7 25.9 174
96 0.18± 0.07 2.6± 0.2 52 33.8 16.8
97 0.15± 0.03 0.5± 0.07 30.7 27.2 175
98 0.16± 0.06 0.7± 0.1 28.9 21.4 41.6
99 0.21± 0.1 1.3± 0.2 37.3 21.5 158
100 0.21± 0.06 0.57± 0.09 17.4 13.3 83.3
101 0.14± 0.06 2.1± 0.2 59.5 41.7 2.6
102 0.26± 0.04 3.6± 0.1 50.4 31.5 37.3
103 0.1± 0.04 0.55± 0.1 39 30.2 170
104 0.15± 0.05 4.1± 0.2 71.4 48.4 51.6
105 0.19± 0.03 1.68± 0.07 40.5 27.5 81.9
106 0.5± 0.2 2.2± 0.3 26.3 16 152
107 0.28± 0.05 4.3± 0.2 46 35.5 16.4
108 0.11± 0.04 0.5± 0.08 47 30 169
109 0.18± 0.03 2.5± 0.09 48.5 33.3 132
110 0.12± 0.04 1.7± 0.1 44.2 36.3 96.9
111 0.1± 0.05 0.64± 0.1 37.5 29 43.3
112 0.1± 0.03 0.29± 0.05 28.8 19 57.2
113 0.36± 0.09 1± 0.2 18.5 13.1 101
114 0.11± 0.03 0.5± 0.06 32.5 28 17.9
115 0.03± 0.07 0.4± 0.1 40.6 29.3 146
116 0.1± 0.03 0.66± 0.07 37.8 31.4 123
117 0.11± 0.02 0.39± 0.04 37 16.8 90.4
118 0.3± 0.1 2.8± 0.3 39.6 32.4 102
119 0.77± 0.1 2.8± 0.2 26.5 14.3 155
120 1.1± 0.2 8.2± 0.6 35.4 23.8 14.6
121 0.18± 0.04 2.2± 0.1 46.8 35.2 98.4
122 0.24± 0.06 1.8± 0.2 36.5 27.8 112
123 0.11± 0.03 0.7± 0.07 35.4 21.1 16.2
124 0.19± 0.05 1.7± 0.1 38.9 20.5 153
125 0.15± 0.05 3.3± 0.2 80.4 63.7 55.4
126 0.31± 0.06 2.7± 0.2 38.7 23.1 32.5
B.1. Mon R2 265
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
127 0.07± 0.03 0.63± 0.08 39.1 35.8 65.8
128 0.08± 0.03 0.32± 0.08 37.5 33.8 89
129 0.6± 0.2 1.9± 0.2 27.2 12.7 15.8
130 0.2± 0.07 1.6± 0.2 30.6 26.2 144
131 0.22± 0.07 1.3± 0.1 33.3 21.9 169
132 0.17± 0.05 2.7± 0.2 46.6 39.1 73.5
133 0.31± 0.07 0.97± 0.1 32.8 11.7 128
134 0.9± 0.1 20.6± 0.5 64 40.1 148
135 0.14± 0.03 1.61± 0.08 47.1 30.8 78.6
136 0.13± 0.03 1.3± 0.1 52.5 36.8 173
137 0.2± 0.07 0.8± 0.2 31.8 26.7 105
138 0.15± 0.03 10± 0.1 88.3 68.7 138
139 0.15± 0.03 0.91± 0.07 34.8 27.1 85.5
140 0.26± 0.05 1.85± 0.09 31.9 26.6 37.5
141 0.19± 0.09 1± 0.2 31 18.4 136
142 0.06± 0.02 0.29± 0.05 35.1 30.9 86
143 0.09± 0.03 1.22± 0.09 51.7 43.5 145
144 0.11± 0.04 5.2± 0.2 88.2 79.2 57.6
145 0.07± 0.03 0.19± 0.05 34.2 19.7 6.3
146 0.14± 0.05 1.1± 0.1 37.3 29.3 46.3
147 0.4± 0.1 11.8± 0.5 66.2 47.5 149
148 0.21± 0.05 1.23± 0.09 35.5 22.3 71.4
149 0.18± 0.04 0.7± 0.06 31.3 18.1 5.7
150 0.11± 0.03 1.16± 0.07 45.6 33.5 104
151 0.04± 0.03 0.28± 0.05 37.5 30.2 61.2
152 0.11± 0.06 0.3± 0.1 28.1 27.4 105
153 0.17± 0.03 1.21± 0.07 34.9 28.6 69.6
154 0.65± 0.1 2.9± 0.2 31.5 17 21.3
155 0.05± 0.02 0.35± 0.05 39.9 32.5 82.5
156 0.17± 0.03 1.32± 0.07 46 25.1 120
157 0.11± 0.04 1.2± 0.1 44 38.8 2.8
158 0.35± 0.07 4.4± 0.2 52 27.9 115
159 0.16± 0.05 1.3± 0.1 36.1 27.3 49.4
160 0.07± 0.06 4.8± 0.3 99.2 85.8 91.2
161 0.15± 0.05 0.86± 0.1 37.4 30.7 97.8
162 0.11± 0.05 2.4± 0.2 66.2 48.7 58.8
163 0.26± 0.03 10.3± 0.2 65.1 55.4 89
164 0.9± 0.2 6.6± 0.6 34.1 23.2 4.3
165 0.15± 0.07 2.1± 0.2 56.5 36.9 84.2
166 0.17± 0.05 0.69± 0.07 30.8 15.7 140
167 0.41± 0.09 1.5± 0.1 26.2 14.8 163
168 0.19± 0.05 1± 0.09 37.6 26.3 118
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
169 0.12± 0.06 1.2± 0.2 43.7 36.6 128
170 0.4± 0.08 2.8± 0.2 41.6 17.7 148
171 0.5± 0.1 1.3± 0.2 34.8 11.9 84.6
172 0.34± 0.09 6.8± 0.3 59.9 38.1 179
173 0.14± 0.04 2.2± 0.1 65.7 36.3 161
174 0.2± 0.06 1.5± 0.1 33.7 26.6 113
175 0.13± 0.09 2.7± 0.5 86.3 79.1 116
176 0.08± 0.03 0.93± 0.07 51.7 38.4 11.2
177 0.29± 0.06 2.3± 0.2 29.8 24.7 17.1
178 0.27± 0.06 1.9± 0.1 31 24.7 82.8
179 0.05± 0.03 0.9± 0.1 69.6 66.4 167
180 0.11± 0.04 2± 0.1 53.6 46.2 111
181 0.02± 0.02 0.65± 0.08 63.9 58.8 164
182 0.8± 0.3 9.2± 0.9 43 32.6 33.9
183 0.06± 0.06 0.9± 0.2 49.3 46.5 52.5
184 0.2± 0.1 3.4± 0.3 48.1 37.5 149
185 0.05± 0.03 0.47± 0.06 38.1 32 18.4
186 0.12± 0.03 0.65± 0.06 41.1 23 21
187 0.16± 0.04 3.4± 0.1 58.7 38.5 29.9
188 0.12± 0.02 2.38± 0.1 72.7 47.5 167
189 0.16± 0.05 2.5± 0.2 47.3 41.8 111
190 0.16± 0.06 1.1± 0.1 42.4 23.6 153
191 0.07± 0.04 0.4± 0.1 51.2 36.1 145
192 0.1± 0.03 2.3± 0.1 49 46.6 129
193 0.08± 0.03 1.04± 0.08 45.1 42.7 153
194 0.21± 0.03 1.42± 0.06 39.3 19.9 145
250 µm Parameters
As for 24µm.
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
1 238± 9 261± 8 18.2 18.2 31.3
2 486± 9 654± 8 21.5 18.2 95.1
3 149± 9 200± 8 24.2 18.2 96.3
4 146± 9 150± 8 18.2 18.2 0
5 235± 8 230± 7 18.2 18.2 119
6 44± 7 47± 7 18.4 18.2 82.7
7 123± 8 132± 7 18.2 18.2 154
8 75± 8 73± 7 18.2 18.2 107
9 19.5± 0.4 20.9± 0.5 18.2 18.2 136
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
10 240± 8 250± 7 18.2 18.2 13.3
11 32± 8 31± 7 18.2 18.2 92.1
12 141± 9 137± 8 18.2 18.2 21.9
13 7.9± 0.2 7± 0.2 18.2 18.2 7.5
14 5.7± 0.1 5.3± 0.1 18.2 18.2 19.3
15 88± 10 87± 9 18.2 18.2 94.5
16 19± 9 25± 8 24.8 18.2 168
17 10± 1 10± 1 18.2 18.2 17.3
18 59± 10 54± 9 18.2 18.2 64.5
19 4.7± 0.4 5.9± 0.4 20.1 18.2 128
20 149± 8 170± 7 19.9 18.2 27.4
21 31± 8 29± 7 18.2 18.2 78.3
22 4± 1 5± 1 18.2 18.2 31.8
23 27± 10 26± 9 18.2 18.2 1.1
24 2.2± 0.2 2.4± 0.2 22.9 18.2 86.8
25 148± 10 149± 9 18.2 18.2 17.9
26 56± 9 85± 8 20.8 18.2 11.3
27 116± 10 112± 9 18.2 18.2 58.8
28 2.6± 0.2 3.2± 0.2 19.1 18.2 148
29 100± 10 103± 9 18.5 18.2 108
30 54± 8 58± 7 18.2 18.2 147
31 13± 3 12± 3 18.2 18.2 88.3
32 77± 10 83± 8 18.2 18.2 164
33 30± 10 31± 9 18.2 18.2 172
34 3.6± 0.4 4.7± 0.4 20.9 18.2 163
35 30± 10 32± 9 18.2 18.2 165
36 49± 10 47± 9 18.2 18.2 24.3
37 56± 3 75± 3 20.2 18.2 113
38 12± 9 15± 8 23.6 18.2 102
39 4.5± 0.7 4.1± 0.6 18.2 18.2 22.6
40 4± 1 4± 1 20.5 18.2 103
41 3.2± 0.1 5± 0.2 19.8 18.2 1.7
42 22± 8 19± 9 18.2 18.2 73.3
43 3.8± 0.4 3.4± 0.3 18.2 18.2 136
44 11± 4 12± 4 18.6 18.2 9.1
45 14± 3 15± 3 21.9 18.2 14.7
46 5± 2 5± 2 24 18.2 60.2
47 1.2± 0.4 1.4± 0.3 22.3 18.2 40.4
48 1.5± 0.3 1.4± 0.3 18.2 18.2 33.6
49 0.5± 0.2 0.6± 0.2 18.9 18.2 111
50 10± 4 13± 4 23.9 18.2 66.1
51 18± 3 19± 3 18.9 18.2 27
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
52 18± 6 24± 6 26.2 18.2 139
53 19± 7 24± 7 22.6 18.2 50.8
54 10± 4 17± 4 28.8 18.2 25.1
55 6± 3 4± 3 23.8 18.2 37.6
56 8± 3 8± 3 18.6 18.2 139
57 1.7± 0.3 2.1± 0.3 23.2 18.2 82.5
58 16± 5 25± 5 23.9 19 23.7
59 19± 8 18± 7 18.2 18.2 54.8
60 11± 3 13± 3 20.2 18.2 56.8
61 5.6± 0.6 7.1± 0.6 21.8 18.2 6.6
62 7± 2 10± 2 23.1 18.4 175
63 9± 4 12± 4 19.1 18.5 70.9
64 2.8± 0.2 3.9± 0.2 19.2 18.2 135
65 4± 2 12± 2 33.3 29.3 76.4
66 3.1± 0.5 12± 1 30.5 27.3 80
67 3± 0.4 4.8± 0.4 27.5 18.2 60.5
68 8± 2 12± 3 26.7 18.2 38.8
69 1.5± 0.2 2.4± 0.2 25.9 18.2 71.7
70 4± 0.7 10± 1 28.5 20.9 52.5
71 2.5± 0.8 5± 1 24.8 20.8 136
72 3.2± 0.9 3.4± 0.8 22.6 18.2 12.6
73 1.7± 0.5 2.3± 0.5 24.5 18.2 15.2
74 0.8± 0.2 1.8± 0.2 27.1 19 53.3
75 1.1± 0.1 1.5± 0.1 24.2 18.2 64.7
76 2.1± 0.7 4.1± 0.8 24.3 21.7 43.2
77 4± 1 12± 2 38.1 24.6 45.9
78 2.4± 0.6 3.4± 0.6 29.8 18.2 22.4
79 1.9± 0.9 2.5± 0.8 21.3 18.2 147
80 2± 0.9 4± 1 35.3 18.2 84.6
81 1.09± 0.1 1.9± 0.1 24.2 18.4 108
82 1.2± 0.2 3± 0.3 26.6 24.6 126
83 0.7± 0.2 0.8± 0.2 18.2 18.2 99.9
84 1.3± 0.2 2.4± 0.2 25.3 23.1 136
85 0.8± 0.1 0.8± 0.1 20.2 18.2 41.9
86 0.7± 0.2 0.6± 0.1 18.2 18.2 6.9
87 1± 0.5 5± 1 42.5 29.6 101
88 0.7± 0.2 0.7± 0.2 22.4 18.2 36.2
89 1.2± 0.3 1.8± 0.3 20.1 18.4 127
90 1.4± 0.2 2.1± 0.2 22.8 18.2 88.8
91 0.7± 0.1 1.1± 0.2 28.2 18.2 8.1
92 0.5± 0.1 0.9± 0.1 28 18.2 60.7
93 0.88± 0.07 1.88± 0.09 32.5 18.2 167
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
94 0.9± 0.3 1.5± 0.3 27.2 18.2 29.8
95 0.8± 0.2 1.5± 0.3 27.9 18.8 28.3
96 0.9± 0.3 3.1± 0.5 32.1 24.7 170
97 0.45± 0.1 0.6± 0.1 25.7 18.2 128
98 0.7± 0.2 0.9± 0.2 20.8 18.2 35.5
99 0.7± 0.3 1.3± 0.3 29.8 18.2 150
100 0.7± 0.2 0.8± 0.2 19.9 18.2 47.6
101 0.8± 0.1 3.2± 0.3 42.7 26.8 169
102 0.94± 0.09 3.8± 0.2 43.4 24.9 40.7
103 0.7± 0.2 1.4± 0.3 31.1 18.2 14.2
104 0.7± 0.2 3.7± 0.4 57.9 27.4 174
105 0.5± 0.2 1± 0.2 31.7 18.2 85.5
106 1.1± 0.4 2.4± 0.4 31.9 19.4 157
107 0.8± 0.1 3.2± 0.2 45.1 23.1 33.8
108 0.5± 0.1 1± 0.2 33.9 18.2 172
109 0.8± 0.1 3.4± 0.2 40.8 29.1 123
110 0.8± 0.1 2.1± 0.2 35.8 20.4 138
111 0.7± 0.1 1.1± 0.2 23.9 18.6 169
112 0.5± 0.1 0.8± 0.1 28.9 18.2 66
113 0.8± 0.2 1± 0.2 20.6 18.2 109
114 0.4± 0.1 0.8± 0.1 31.8 20.3 1.2
115 0.7± 0.1 1.2± 0.1 32 18.2 0.9
116 0.45± 0.08 0.86± 0.09 33.8 18.2 125
117 0.49± 0.05 0.74± 0.06 27.4 18.2 94.6
118 0.7± 0.2 1.8± 0.3 39.1 20.6 35
119 0.6± 0.2 1± 0.2 29.9 18.2 141
120 1.7± 0.6 4.5± 0.8 33.6 20.1 1.7
121 0.7± 0.1 2.3± 0.2 34 25.9 61.5
122 0.8± 0.1 1.7± 0.2 29.9 18.2 68
123 0.4± 0.07 1± 0.09 30 21.2 12.6
124 0.6± 0.1 2.5± 0.2 41 24.2 155
125 0.6± 0.2 3.6± 0.4 70 37.4 29.2
126 0.9± 0.2 3.1± 0.3 42 23.7 37.4
127 0.25± 0.04 0.71± 0.05 39.5 25.1 149
128 0.36± 0.06 0.73± 0.06 39.3 18.5 63.5
129 0.9± 0.2 1.4± 0.2 29.3 18.2 21.9
130 0.7± 0.3 2.6± 0.4 30.2 26.8 105
131 0.7± 0.2 1.2± 0.3 27.2 18.2 174
132 0.7± 0.2 4.9± 0.3 52.1 39.6 69
133 0.7± 0.2 1± 0.2 31.8 18.2 128
134 0.8± 0.2 7.1± 0.4 67.8 44.9 172
135 0.6± 0.1 1.9± 0.2 36.3 25.9 85
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
136 0.5± 0.1 2.8± 0.2 56.5 40.1 7.9
137 0.6± 0.2 1.3± 0.2 32.7 20.4 18.8
138 0.4± 0.1 6.9± 0.3 81.2 70.4 58.4
139 0.36± 0.05 0.94± 0.06 31.6 24.7 127
140 0.4± 0.1 0.6± 0.1 27.7 18.2 144
141 0.7± 0.3 1± 0.3 25.9 18.2 132
142 0.28± 0.03 0.51± 0.03 24.7 19.5 100
143 0.29± 0.05 1.34± 0.07 52 23.7 129
144 0.51± 0.05 6.6± 0.1 80.4 49.6 26.8
145 0.3± 0.09 0.66± 0.1 38 21.2 12.6
146 0.5± 0.1 1.5± 0.2 33.7 25.2 108
147 1.1± 0.2 10.6± 0.7 58.3 47.8 138
148 0.5± 0.1 1.2± 0.2 24.6 20.8 93.6
149 0.5± 0.1 0.7± 0.1 28.6 18.2 179
150 0.52± 0.08 1.4± 0.1 30.5 22.7 112
151 0.3± 0.1 0.5± 0.1 26.4 18.2 19.2
152 0.6± 0.2 0.7± 0.2 25.2 18.2 76.6
153 0.38± 0.09 0.8± 0.1 31.4 20.6 95
154 0.9± 0.1 1.9± 0.2 31.8 20.6 21.6
155 0.31± 0.05 0.62± 0.06 32.9 18.2 98.1
156 0.53± 0.1 1.4± 0.1 39.5 21.3 130
157 0.6± 0.1 2.1± 0.2 40.4 26.8 125
158 0.6± 0.1 1.9± 0.2 46.8 18.2 115
159 0.5± 0.1 1.2± 0.2 30.7 23.4 49.4
160 0.6± 0.2 7.4± 0.5 79.8 53.5 35.7
161 0.46± 0.09 0.7± 0.1 24 18.5 122
162 0.4± 0.1 2.8± 0.2 49.9 35.6 37.2
163 0.7± 0.1 10.6± 0.4 56.7 54.5 143
164 1.1± 0.4 2.3± 0.4 35.3 18.9 1
165 0.6± 0.2 3± 0.3 45.2 32.1 94.4
166 0.5± 0.1 1± 0.1 34.8 19.3 142
167 0.7± 0.1 1.1± 0.1 26.9 18.2 156
168 0.5± 0.2 1.1± 0.2 31.6 21.7 127
169 0.5± 0.2 1.6± 0.3 39.2 31.2 158
170 0.7± 0.2 2.3± 0.3 41.6 22.6 150
171 1.1± 0.2 1.6± 0.2 34.5 18.2 62.2
172 0.6± 0.1 4.3± 0.3 49.9 49.7 27.7
173 0.42± 0.09 2.5± 0.2 56.8 28.9 170
174 0.6± 0.2 0.9± 0.2 31.3 18.2 148
175 0.5± 0.2 5.1± 0.6 81.9 56.8 91
176 0.36± 0.04 1.26± 0.07 35.3 26.1 16.7
177 0.5± 0.1 1.2± 0.2 35 18.4 141
B.1. Mon R2 271
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
178 0.7± 0.2 1.9± 0.2 31.9 25.7 64.3
179 0.31± 0.08 1.8± 0.2 56.8 37.4 127
180 0.5± 0.1 2.1± 0.2 44.2 30.7 127
181 0.2± 0.09 1.1± 0.2 53.5 35.7 29.7
182 0.7± 0.5 2± 0.7 51.5 18.2 18.8
183 0.3± 0.2 1.4± 0.3 45.6 34.7 70.9
184 0.6± 0.2 2.9± 0.3 44.9 31.7 162
185 0.34± 0.07 0.76± 0.07 30 24.1 31.8
186 0.28± 0.09 0.8± 0.1 40.3 22.2 27.8
187 0.5± 0.2 3.5± 0.3 56.5 39.3 31.8
188 0.4± 0.1 3.2± 0.2 72.8 34.2 169
189 0.6± 0.1 3.7± 0.2 49.9 41.7 117
190 0.5± 0.2 1.6± 0.3 35.9 21.8 142
191 0.4± 0.1 1.1± 0.2 44 23.8 157
192 0.49± 0.07 2.8± 0.1 48.4 34.6 142
193 0.3± 0.1 1.5± 0.1 46.1 31.9 178
194 0.52± 0.05 1.45± 0.06 36.4 21.1 156
350 µm Parameters
As for 24µm.
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
1 62± 4 65± 4 24.9 24.9 26.8
2 221± 4 246± 3 24.9 24.9 128
3 61± 4 64± 3 24.9 24.9 113
4 48± 4 48± 3 24.9 24.9 112
5 96± 3 94± 3 24.9 24.9 116
6 25± 2 42± 3 40.2 24.9 170
7 53± 3 53± 3 24.9 24.9 165
8 19± 3 18± 3 24.9 24.9 96.9
9 10.2± 0.4 9.8± 0.4 24.9 24.9 115
10 104± 3 103± 3 24.9 24.9 9.7
11 20± 3 23± 3 24.9 24.9 30.7
12 42± 4 42± 4 24.9 24.9 175
13 4± 0.2 3.7± 0.2 24.9 24.9 176
14 3.6± 0.2 3.6± 0.2 24.9 24.9 5.9
15 39± 4 42± 3 24.9 24.9 98.4
16 19± 1 26± 1 29.3 24.9 171
17 6± 1 5.4± 1 24.9 24.9 15
18 44± 4 44± 4 24.9 24.9 78.4
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# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
19 3.2± 0.4 3.6± 0.4 25.7 24.9 118
20 55± 3 53± 3 24.9 24.9 31
21 26± 3 25± 3 24.9 24.9 92
22 4± 1 4± 1 24.9 24.9 26.7
23 39± 4 60± 4 40.2 24.9 0.4
24 1.3± 0.2 1.7± 0.2 32.3 25.9 89.9
25 75± 4 76± 4 24.9 24.9 45.2
26 42± 4 48± 4 24.9 24.9 113
27 54± 4 51± 3 24.9 24.9 12.9
28 2.4± 0.2 3± 0.2 28.5 24.9 85.3
29 67± 4 72± 4 24.9 24.9 76.3
30 24± 4 26± 3 24.9 24.9 159
31 10± 2 16± 4 32.9 24.9 101
32 60± 4 59± 4 24.9 24.9 169
33 0± 4 0± 3 24.9 24.9 111
34 3± 0.3 3.6± 0.3 26.4 24.9 150
35 20± 4 21± 4 24.9 24.9 162
36 26± 4 25± 4 24.9 24.9 29.5
37 36± 1 45± 1 29.5 24.9 91.8
38 24± 4 24± 4 24.9 24.9 138
39 3.7± 0.6 3.9± 0.6 24.9 24.9 30.7
40 3± 1 4± 2 37.2 24.9 91.4
41 2.9± 0.1 4.3± 0.2 29.2 24.9 2.3
42 27± 4 32± 4 27.9 24.9 178
43 2.8± 0.5 2.8± 0.4 24.9 24.9 127
44 14± 3 15± 2 24.9 24.9 166
45 9± 2 9± 2 24.9 24.9 9.9
46 2± 2 3± 2 38.4 24.9 70.6
47 1.1± 0.4 1.2± 0.3 27.5 24.9 38.3
48 1.3± 0.4 1.3± 0.4 24.9 24.9 45.6
49 0.6± 0.2 0.7± 0.2 24.9 24.9 6.5
50 10± 3 13± 3 27 24.9 76.8
51 18± 1 28± 1 36.3 24.9 89.5
52 12± 4 17± 4 38 24.9 136
53 14± 4 15± 4 24.9 24.9 130
54 8± 2 8± 2 29.4 24.9 28.6
55 9± 3 15± 3 31.8 25.9 104
56 10± 1 12± 1 29.5 24.9 177
57 1.2± 0.4 1.2± 0.4 24.9 24.9 108
58 12± 2 11± 5 30.5 26.1 14
59 13± 4 12± 4 24.9 24.9 84.9
60 7± 3 8± 2 24.9 24.9 23.6
B.1. Mon R2 273
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
61 4.3± 0.6 6.1± 0.7 29.7 24.9 161
62 6± 2 7± 2 24.9 24.9 14.8
63 8± 3 12± 3 28.7 24.9 5.4
64 2.2± 0.2 2.3± 0.2 24.9 24.9 116
65 4± 1 6± 1 31.5 25.9 26.8
66 3.5± 0.4 8.2± 0.6 35.9 28.1 79.7
67 2.8± 0.6 3.2± 0.6 29.4 24.9 61.3
68 5± 2 5± 2 31.1 24.9 41.7
69 1.8± 0.2 2.1± 0.2 29.3 24.9 72.8
70 3.3± 0.5 5.7± 0.6 31.8 24.9 33.1
71 2.4± 0.8 2.9± 0.8 26.2 24.9 131
72 2.1± 0.7 1.8± 0.6 26.1 24.9 6.5
73 1.2± 0.5 1.3± 0.5 35.9 24.9 11.6
74 1.4± 0.2 2.2± 0.2 33.2 24.9 37.1
75 1.4± 0.1 1.5± 0.1 26.8 24.9 62.9
76 1.9± 0.7 2.3± 0.6 26.8 25.4 75.5
77 4± 2 6± 2 42.4 24.9 54.5
78 1.9± 0.6 2± 0.6 31.7 24.9 13.1
79 3± 1 2.8± 1 24.9 24.9 153
80 2.9± 0.9 4.3± 0.9 33.8 24.9 89.6
81 1.3± 0.1 1.5± 0.1 27.4 24.9 107
82 1.5± 0.2 2.3± 0.3 28 25.7 63.7
83 0.8± 0.2 0.8± 0.2 24.9 24.9 24.7
84 1.5± 0.3 1.8± 0.3 26.9 24.9 175
85 1± 0.2 1.1± 0.2 30 24.9 36
86 0.5± 0.1 0.5± 0.1 24.9 24.9 158
87 1.1± 0.5 3.5± 0.8 51.1 35 162
88 0.8± 0.2 1± 0.2 28.8 24.9 27.4
89 0.9± 0.3 0.9± 0.2 26.8 24.9 121
90 1.4± 0.2 1.6± 0.2 25.1 24.9 46.2
91 0.9± 0.2 1.2± 0.2 31.9 24.9 12.4
92 0.9± 0.1 1.1± 0.1 29.8 24.9 59.7
93 0.97± 0.08 1.51± 0.09 35.6 24.9 168
94 1± 0.4 1.1± 0.4 27.9 24.9 30.1
95 1± 0.3 1.2± 0.3 29.6 24.9 20.8
96 1.2± 0.3 2.2± 0.3 32.2 26.1 167
97 0.6± 0.2 0.8± 0.2 33.5 24.9 132
98 0.5± 0.2 0.5± 0.2 24.9 24.9 35.8
99 0.6± 0.2 0.6± 0.2 30.2 24.9 158
100 0.5± 0.2 0.4± 0.2 29.9 24.9 44.5
101 1.1± 0.2 2.8± 0.2 41.9 30.2 172
102 1.28± 0.09 3.1± 0.1 41.5 26.9 37.8
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# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
103 0.9± 0.3 1.3± 0.2 31.8 24.9 9.1
104 1.1± 0.2 4± 0.3 50.2 33.9 169
105 0.9± 0.3 1.2± 0.3 31.8 24.9 83.7
106 1.1± 0.4 1.6± 0.4 32 24.9 146
107 1± 0.2 2.9± 0.2 44.2 29.5 32.4
108 0.9± 0.2 1.3± 0.2 35.1 24.9 163
109 1.1± 0.2 2.5± 0.2 40.4 29.6 124
110 0.9± 0.2 1.6± 0.2 39.1 24.9 136
111 0.8± 0.2 1± 0.2 25.3 24.9 129
112 0.8± 0.1 0.9± 0.1 31.4 24.9 70.8
113 0.6± 0.2 0.5± 0.2 24.9 24.9 101
114 0.6± 0.1 0.7± 0.1 29.9 24.9 5.5
115 0.8± 0.2 1.2± 0.2 33.8 24.9 9.4
116 0.6± 0.1 0.8± 0.1 31.5 24.9 117
117 0.5± 0.06 0.54± 0.06 30.2 24.9 95.1
118 0.8± 0.3 1.3± 0.3 36.7 24.9 36.2
119 0.4± 0.3 0.6± 0.3 29.4 24.9 159
120 1.5± 0.4 2.6± 0.5 38.2 24.9 180
121 0.8± 0.2 1.4± 0.2 33.7 25.7 65.5
122 0.9± 0.2 1.4± 0.2 36.5 24.9 62.9
123 0.44± 0.06 0.65± 0.06 29.6 24.9 11.4
124 0.7± 0.1 1.6± 0.1 42.8 28 155
125 0.7± 0.2 2.5± 0.3 62.7 33.9 16.8
126 0.9± 0.2 2.2± 0.2 41.5 28.1 39
127 0.56± 0.1 1.06± 0.1 42.5 26.7 144
128 0.36± 0.07 0.5± 0.06 38.1 24.9 65.1
129 0.7± 0.2 0.9± 0.2 31.6 24.9 20
130 1± 0.3 1.8± 0.3 30.7 25.6 112
131 0.6± 0.2 0.7± 0.2 28.9 24.9 173
132 0.6± 0.3 1.7± 0.3 49.4 33.2 65.2
133 0.7± 0.3 0.7± 0.2 34.7 24.9 129
134 0.7± 0.2 4.7± 0.4 73.8 54 164
135 0.6± 0.1 1.1± 0.2 32.7 26 87.1
136 0.7± 0.1 2.1± 0.2 53.7 35.3 178
137 0.6± 0.2 1± 0.2 32 24.9 18.9
138 0.7± 0.1 6.1± 0.2 77.2 70 64.6
139 0.44± 0.06 0.65± 0.05 31.9 25.6 123
140 0.7± 0.1 0.9± 0.1 28.4 24.9 108
141 0.6± 0.2 0.6± 0.2 27.7 24.9 117
142 0.32± 0.06 0.39± 0.06 28 24.9 99.1
143 0.6± 0.1 1.6± 0.1 54 25.4 134
144 0.7± 0.07 4.4± 0.2 69 46.4 26.4
B.1. Mon R2 275
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
145 0.29± 0.07 0.4± 0.07 38.6 24.9 13.8
146 0.5± 0.1 0.8± 0.2 33.6 24.9 114
147 1± 0.2 5.7± 0.4 61.6 45.7 140
148 0.6± 0.2 0.8± 0.2 26.7 24.9 98.3
149 0.4± 0.1 0.4± 0.1 33 24.9 178
150 0.55± 0.09 0.89± 0.1 31.8 24.9 108
151 0.3± 0.1 0.35± 0.1 28.3 24.9 13.9
152 0.4± 0.1 0.4± 0.1 29.5 24.9 62.2
153 0.4± 0.2 0.5± 0.2 31 24.9 97.7
154 0.7± 0.2 1± 0.2 34.9 24.9 25.7
155 0.33± 0.07 0.44± 0.06 32.8 24.9 105
156 0.6± 0.1 0.9± 0.1 37.7 24.9 129
157 0.6± 0.1 1.3± 0.2 41.6 29.2 126
158 0.7± 0.1 1.5± 0.2 47.2 24.9 115
159 0.6± 0.2 0.9± 0.2 32.5 25 31.5
160 0.8± 0.2 4.6± 0.3 74 47.3 21.6
161 0.4± 0.1 0.5± 0.1 26 24.9 106
162 0.5± 0.1 1.9± 0.2 48.9 35.9 37.3
163 1± 0.1 4.3± 0.3 65.7 37.2 169
164 1± 0.4 1.4± 0.4 36.7 24.9 7.4
165 0.6± 0.2 1.8± 0.3 43.8 32.9 96.1
166 0.4± 0.2 0.5± 0.2 36.1 24.9 140
167 0.6± 0.2 0.7± 0.2 33.9 24.9 146
168 0.5± 0.2 0.6± 0.2 31.7 24.9 126
169 0.5± 0.2 1± 0.2 36 29.8 134
170 0.5± 0.2 1.3± 0.2 50.1 36.4 167
171 0.7± 0.3 0.6± 0.3 40.8 24.9 70.1
172 0.5± 0.1 2.4± 0.2 58.2 50.1 133
173 0.5± 0.1 1.7± 0.1 56.4 28.3 160
174 0.7± 0.2 0.9± 0.2 33.2 24.9 148
175 0.6± 0.2 3.3± 0.4 70.8 45.7 79.8
176 0.4± 0.06 0.84± 0.07 37.5 27.8 0.1
177 0.6± 0.1 1.1± 0.1 38.7 24.9 142
178 0.7± 0.2 1.2± 0.2 33.7 27.4 66.8
179 0.4± 0.1 1.2± 0.2 50.7 39.1 124
180 0.5± 0.2 1.3± 0.2 44.6 32.6 122
181 0.3± 0.1 1.1± 0.1 51.6 34.3 40.7
182 1± 0.5 2.4± 0.6 42.8 31.2 26.2
183 0.4± 0.2 1± 0.2 47 28.9 84.2
184 0.6± 0.2 1.8± 0.2 45.3 33.4 168
185 0.36± 0.07 0.44± 0.06 28.9 24.9 28.9
186 0.3± 0.1 0.6± 0.1 40.8 26 25.2
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# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
187 0.5± 0.2 1.9± 0.2 55.7 40.8 30.8
188 0.5± 0.1 1.9± 0.2 68.7 31.2 162
189 0.5± 0.1 1.4± 0.1 50.7 32.3 121
190 0.5± 0.2 0.8± 0.2 35.8 24.9 138
191 0.4± 0.2 0.8± 0.2 41.5 24.9 158
192 0.6± 0.1 1.6± 0.1 44.8 32 140
193 0.4± 0.1 1± 0.2 48.6 30.2 172
194 0.4± 0.08 0.68± 0.08 37.4 24.9 160
500 µm Parameters
As for 24µm.
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
1 19± 2 18± 2 36.3 36.3 42.4
2 75± 2 73± 2 36.3 36.3 137
3 19± 2 19± 2 36.3 36.3 103
4 21± 2 21± 2 36.3 36.3 106
5 24± 2 23± 2 36.3 36.3 53.5
6 14± 2 32± 3 66.3 37.8 147
7 21± 2 21± 1 36.3 36.3 150
8 28± 2 27± 1 36.3 36.3 14.8
9 4± 0.3 3.5± 0.3 36.3 36.3 115
10 15± 2 15± 1 36.3 36.3 177
11 10± 2 11± 2 36.3 36.3 8.6
12 23± 2 22± 2 36.3 36.3 170
13 1.8± 0.2 1.7± 0.2 36.3 36.3 168
14 1.9± 0.2 2± 0.2 36.3 36.3 14.3
15 21± 2 21± 2 36.3 36.3 79.4
16 5± 2 5± 2 36.3 36.3 5
17 4± 1 4± 1 39 36.3 5.4
18 14± 2 13± 2 36.3 36.3 177
19 2.3± 0.3 2.2± 0.3 36.3 36.3 108
20 27± 2 25± 2 36.3 36.3 129
21 1± 2 1± 2 36.3 36.3 177
22 2.5± 0.6 2.8± 0.6 36.3 36.3 35.7
23 16± 2 15± 2 36.3 36.3 11.5
24 1.1± 0.2 1.3± 0.2 44.5 36.3 90.4
25 12± 2 11± 2 36.3 36.3 84.3
26 7.4± 0.5 8.6± 0.5 36.4 36.3 92.5
27 20± 2 19± 2 36.3 36.3 155
B.1. Mon R2 277
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
28 1.7± 0.2 2.1± 0.2 41.3 36.3 81.9
29 25± 2 24± 2 36.3 36.3 175
30 10± 2 14± 2 47 36.3 179
31 4± 2 5± 2 41.9 36.3 105
32 23± 2 23± 2 36.3 36.3 41.6
33 0± 2 0± 2 36.3 36.3 71.7
34 2± 0.3 2.1± 0.3 36.3 36.3 173
35 0± 2 0± 2 36.3 36.3 14.5
36 1± 2 1± 2 36.3 36.3 29.1
37 25± 2 28± 2 38.6 36.3 61.1
38 6± 2 7± 2 38.4 36.3 31.2
39 2.8± 0.4 3.3± 0.4 36.6 36.3 67.3
40 2± 1 2.9± 1 47.6 36.3 88.9
41 1.9± 0.1 2± 0.1 37.8 36.3 3.8
42 3.4± 0.6 4.6± 0.6 45.2 36.3 155
43 1.2± 0.5 1.1± 0.5 36.3 36.3 100
44 8± 2 11± 2 44.4 36.3 85
45 1± 2 1± 2 36.3 36.3 111
46 3.1± 0.8 3.3± 0.8 36.7 36.3 58.8
47 0.7± 0.4 0.7± 0.4 45.2 36.3 60
48 1± 0.5 0.9± 0.5 36.3 36.3 107
49 0.7± 0.2 0.9± 0.2 56.5 36.3 0.7
50 6± 2 7± 2 36.3 36.3 164
51 3± 0.5 4.3± 0.4 45.1 36.3 89
52 16± 1 25± 1 56.5 36.3 74.5
53 16± 2 35± 3 67.8 36.3 19
54 4± 2 5± 2 39 36.3 17.9
55 4.3± 0.5 7.4± 0.4 46.2 38.7 62.7
56 2.8± 0.5 3.3± 0.4 43.1 36.3 175
57 1± 0.3 0.9± 0.3 36.3 36.3 58.2
58 11± 2 52± 4 89.1 49.2 110
59 5± 2 5± 2 36.3 36.3 61.8
60 0± 1 0± 1 36.3 36.3 59.2
61 2.6± 0.7 3.1± 0.6 39.3 36.3 108
62 3.9± 0.8 4.6± 1 36.3 36.3 110
63 2± 2 2± 2 36.3 36.3 15.5
64 1.2± 0.3 1.1± 0.3 36.3 36.3 96.6
65 2.2± 0.7 2.6± 0.6 44 36.3 57
66 3.2± 0.3 4.4± 0.4 38.4 36.3 82.6
67 2.4± 0.4 3± 0.5 36.3 36.3 23
68 2.3± 0.7 4.7± 0.9 64.6 37.6 177
69 1.3± 0.2 1.4± 0.2 41.5 36.3 79.5
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# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
70 2± 0.5 2.3± 0.5 42.9 36.3 16.2
71 1.5± 0.6 1.5± 0.5 36.3 36.3 130
72 0.7± 0.4 0.1± 0.4 36.3 36.3 33.2
73 1± 0.5 0.9± 0.5 48.4 36.3 6.6
74 1.6± 0.2 1.8± 0.2 40.3 36.3 33.2
75 1.3± 0.2 1.3± 0.2 36.9 36.3 59.2
76 1.2± 0.5 1.4± 0.4 36.3 36.3 34.3
77 2.5± 0.7 4± 1 41.7 36.3 94.4
78 1.1± 0.7 1.1± 0.6 41.7 36.3 11
79 2.3± 0.8 3.3± 0.9 51.2 36.3 135
80 2.2± 0.5 2.5± 0.5 36.3 36.3 72.8
81 1± 0.1 1.1± 0.1 36.3 36.3 116
82 1± 0.2 1.2± 0.2 39.6 36.3 86.3
83 0.5± 0.2 0.4± 0.2 36.3 36.3 177
84 1.4± 0.3 1.5± 0.2 36.3 36.3 156
85 1.1± 0.2 1.3± 0.2 44.4 36.3 26.8
86 1.02± 0.08 1.48± 0.07 50.1 38.5 61.7
87 0.8± 0.5 1.6± 0.5 70.1 36.3 76
88 0.8± 0.2 0.8± 0.2 37.4 36.3 29.2
89 0.6± 0.3 0.5± 0.3 36.3 36.3 100
90 0.9± 0.2 1± 0.2 36.3 36.3 156
91 0.5± 0.2 0.5± 0.2 36.3 36.3 10.9
92 0.8± 0.1 0.8± 0.1 36.3 36.3 52.1
93 0.76± 0.08 0.82± 0.08 42 36.3 168
94 0.7± 0.3 0.6± 0.3 36.3 36.3 28.7
95 0.7± 0.3 0.7± 0.3 38.1 36.3 2.8
96 1.1± 0.2 1.3± 0.2 38 36.3 8.2
97 0.5± 0.1 0.6± 0.1 39.7 36.3 123
98 0.2± 0.2 0.1± 0.2 36.3 36.3 22.3
99 0.3± 0.2 0.1± 0.2 36.3 36.3 168
100 0.4± 0.1 0.2± 0.1 36.3 36.3 45.2
101 1± 0.2 1.5± 0.2 44.8 36.3 173
102 1.19± 0.08 1.72± 0.09 45.4 36.3 33.8
103 0.7± 0.2 0.8± 0.2 46.9 36.3 180
104 1.2± 0.2 2.3± 0.2 50.5 40.4 173
105 0.9± 0.3 1± 0.2 43.5 36.3 78.6
106 0.6± 0.5 0.5± 0.4 36.3 36.3 133
107 0.9± 0.1 1.5± 0.1 47.4 36.3 27.4
108 0.7± 0.2 0.6± 0.2 46.1 36.3 164
109 0.9± 0.2 1.1± 0.2 42 36.3 130
110 0.8± 0.2 0.9± 0.2 48.9 36.3 129
111 0.4± 0.3 0.4± 0.3 36.3 36.3 136
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# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
112 0.6± 0.1 0.7± 0.1 39.1 36.3 86.7
113 0.1± 0.2 0.2± 0.2 39 36.3 145
114 0.7± 0.1 0.8± 0.1 37.5 36.3 139
115 0.6± 0.2 0.6± 0.2 36.3 36.3 17.4
116 0.4± 0.1 0.4± 0.1 36.3 36.3 121
117 0.29± 0.07 0.18± 0.06 36.3 36.3 99.2
118 0.5± 0.3 0.5± 0.3 36.5 36.3 46
119 0.2± 0.2 0.1± 0.2 36.3 36.3 164
120 1.3± 0.3 1.8± 0.3 46.9 36.3 6.7
121 0.6± 0.1 0.6± 0.1 37.5 36.3 57.7
122 0.5± 0.2 0.6± 0.2 51.6 36.3 64.4
123 0.26± 0.07 0.21± 0.06 36.3 36.3 11.2
124 0.51± 0.09 0.67± 0.08 42.9 36.3 154
125 0.7± 0.2 1.4± 0.2 62.2 38.6 20.6
126 0.8± 0.2 1.1± 0.2 45 36.3 35
127 0.46± 0.09 0.44± 0.08 39.7 36.3 142
128 0.21± 0.03 0.19± 0.03 39 36.3 66.7
129 0.2± 0.1 0.1± 0.1 36.3 36.3 26.7
130 1± 0.3 1.3± 0.3 41.9 36.3 50.8
131 0.3± 0.1 0.25± 0.09 36.3 36.3 0.4
132 0.7± 0.2 1.1± 0.2 47 38.6 43.4
133 0.3± 0.2 0.2± 0.2 36.3 36.3 135
134 0.6± 0.2 2.2± 0.3 78.8 57 166
135 0.5± 0.1 0.5± 0.1 40.3 36.3 90.1
136 0.6± 0.1 0.8± 0.1 45.8 36.3 170
137 0.5± 0.2 0.5± 0.2 36.3 36.3 146
138 0.49± 0.09 1.9± 0.1 76.1 65.2 0.3
139 0.4± 0.1 0.24± 0.09 36.3 36.3 108
140 0.9± 0.08 1.12± 0.07 48.7 36.3 23.4
141 0.25± 0.08 0.15± 0.07 36.3 36.3 117
142 0.19± 0.03 0.13± 0.03 36.3 36.3 112
143 0.5± 0.1 0.8± 0.1 52 36.3 138
144 0.65± 0.09 1.7± 0.1 62.1 44.6 24.9
145 0.17± 0.08 0.12± 0.08 37 36.3 27.5
146 0.31± 0.08 0.32± 0.07 40.4 36.3 126
147 0.8± 0.2 2.2± 0.3 62.7 45.9 148
148 0.4± 0.2 0.3± 0.2 36.3 36.3 166
149 0.2± 0.1 0.1± 0.1 36.3 36.3 4.2
150 0.4± 0.1 0.34± 0.1 36.3 36.3 114
151 0.18± 0.1 0.1± 0.09 36.3 36.3 12.5
152 0.2± 0.1 0.1± 0.1 36.3 36.3 61.7
153 0.3± 0.2 0.2± 0.2 36.3 36.3 44.4
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# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
154 0.3± 0.2 0.3± 0.2 37.6 36.3 24.4
155 0.22± 0.08 0.17± 0.07 36.3 36.3 112
156 0.36± 0.08 0.38± 0.08 41.8 36.3 128
157 0.4± 0.1 0.5± 0.1 42.8 36.3 139
158 0.6± 0.2 0.8± 0.2 48.5 36.3 117
159 0.4± 0.2 0.3± 0.2 36.3 36.3 21
160 0.6± 0.2 1.2± 0.2 68 36.4 6
161 0.3± 0.1 0.2± 0.1 38.4 36.3 88.3
162 0.5± 0.1 0.9± 0.1 51 38.4 36
163 1.2± 0.2 2.2± 0.3 49.8 39.3 2.4
164 0.5± 0.3 0.4± 0.3 50 36.3 0.7
165 0.5± 0.2 0.7± 0.2 41.3 36.3 101
166 0.3± 0.2 0.2± 0.2 36.3 36.3 144
167 0.6± 0.2 0.6± 0.2 48.3 36.3 146
168 0.2± 0.2 0.1± 0.1 36.3 36.3 110
169 0.37± 0.1 0.41± 0.09 38.8 36.3 153
170 0.3± 0.2 0.4± 0.2 50.2 36.3 166
171 0.4± 0.3 0.3± 0.2 36.3 36.3 71.7
172 0.4± 0.1 1± 0.1 64.9 47.1 128
173 0.5± 0.1 1± 0.2 63.5 36.3 156
174 0.4± 0.2 0.2± 0.1 36.3 36.3 143
175 0.5± 0.2 1.5± 0.3 59.6 46.5 83.2
176 0.3± 0.1 0.37± 0.09 43.5 36.3 173
177 0.4± 0.1 0.44± 0.1 41.4 36.3 142
178 0.4± 0.2 0.3± 0.2 36.3 36.3 53.8
179 0.3± 0.1 0.6± 0.1 52.6 39.1 132
180 0.4± 0.2 0.5± 0.2 44.4 36.3 122
181 0.3± 0.1 0.6± 0.1 52 40.4 40.9
182 0.8± 0.4 1.1± 0.4 48 36.3 32
183 0.3± 0.2 0.5± 0.1 45.4 41.7 89.6
184 0.5± 0.2 0.6± 0.2 49.2 36.3 6.1
185 0.19± 0.07 0.13± 0.06 36.3 36.3 22.8
186 0.2± 0.1 0.21± 0.1 41.7 36.3 26.4
187 0.4± 0.2 0.7± 0.2 54.4 43.2 34.3
188 0.47± 0.1 0.9± 0.1 60.6 36.3 152
189 0.5± 0.1 0.8± 0.1 52 37.1 126
190 0.1± 0.2 0.1± 0.2 36.3 36.3 132
191 0.3± 0.2 0.4± 0.2 49 36.3 163
192 0.4± 0.1 0.6± 0.1 43.7 36.3 140
193 0.3± 0.1 0.4± 0.1 49.2 36.3 174
194 0.23± 0.08 0.23± 0.07 39 36.3 168
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850 µm Parameters
As for 24µm.
# F850P ± σ850P F850T ± σ850T A850 B850 Θ850
1 2.6± 0.3 8.7± 0.4 20.4 18.3 92.9
2 3.4± 0.2 9.4± 0.3 21.3 17.3 89.3
3 0.8± 0.2 1.5± 0.2 20.3 13 11.4
4 1.2± 0.2 2.2± 0.2 20.3 13 7
5 1.5± 0.2 2.3± 0.2 18.2 13 1.9
6 0.46± 0.09 0.8± 0.1 18.9 13.4 76.6
7 0.4± 0.1 1± 0.1 19.8 14.9 132
8 0.2± 0.3 0.3± 0.3 19.9 13 101
9 0.31± 0.03 0.51± 0.03 14.9 13.7 155
10 2.2± 0.2 6.8± 0.4 26 15.3 83.8
11 0.3± 0.2 0.4± 0.2 16.3 13 108
12 0.3± 0.1 0.3± 0.1 13 13 119
13 0.15± 0.01 0.23± 0.01 15.5 13 8.2
14 0.13± 0.02 0.17± 0.02 14.7 13 49.9
15 0.8± 0.1 1.4± 0.1 18.6 13 81.5
16 0± 0.1 0± 0.1 19.2 14.9 7.1
17 0.15± 0.02 0.19± 0.02 13.1 13 141
18 0.4± 0.2 0.5± 0.2 17.4 13 8.7
19 0.11± 0.03 0.22± 0.03 19.9 16.6 180
20 1.6± 0.2 3.7± 0.5 18.6 13.9 173
21 0.8± 0.2 1.2± 0.2 18.4 13 82.4
22 0.1± 0.03 0.14± 0.03 14.4 13 49.9
23 0.3± 0.2 0.4± 0.2 14.1 13 138
24 0.01± 0.01 0.03± 0.01 18.9 15.3 0.7
25 1.1± 0.3 2.1± 0.3 18.3 14.6 170
26 0.2± 0.2 0.2± 0.2 19.5 13.8 103
27 1± 0.2 1.3± 0.2 13 13 56.1
28 0.03± 0.009 0.073± 0.009 20 18.3 179
29 1.1± 0.2 2.9± 0.4 22.8 13.4 103
30 0.4± 0.2 0.6± 0.2 15.1 13 31.8
31 0.3± 0.1 0.3± 0.1 13.3 13 29.3
32 0.7± 0.3 1.2± 0.3 20.7 13 178
33 0.6± 0.2 0.8± 0.2 14.6 13 180
34 0.1± 0.009 0.18± 0.009 17.7 13.2 82.8
35 0.2± 0.2 0.2± 0.2 13.2 13 99.1
36 0.4± 0.2 0.7± 0.2 16.2 13.4 94.5
37 0.5± 0.1 0.7± 0.1 16.6 13 168
38 0.04± 0.08 0.02± 0.08 13 13 176
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# F850P ± σ850P F850T ± σ850T A850 B850 Θ850
39 0.15± 0.02 0.26± 0.02 17.2 13.6 14.9
40 0.09± 0.03 0.13± 0.03 15.2 13 153
41 0.1± 0.009 0.17± 0.01 18.2 13 17.7
42 0.1± 0.2 0.2± 0.2 18.3 16 79.3
43 0.08± 0.02 0.11± 0.02 15.9 13.5 5.7
44 0.1± 0.1 0.2± 0.1 16.8 13 44.3
45 0.2± 0.1 0.3± 0.1 19 13 14.9
46 0.07± 0.04 0.16± 0.05 23.4 14.1 68.1
47 0.01± 0.01 0.01± 0.01 13 13 121
48 0.02± 0.02 0.02± 0.02 13.7 13 156
49 0.002± 0.009 0.001± 0.009 13 13 176
50 0.08± 0.09 0.1± 0.1 21.8 13 62.7
51 0.2± 0.1 0.3± 0.1 16 13 139
52 0.29± 0.1 0.7± 0.1 24 14.3 106
53 0.2± 0.1 0.4± 0.2 22.9 13 53.6
54 0.13± 0.05 0.46± 0.07 34.6 14.8 30.6
55 0.15± 0.08 0.2± 0.1 17.3 13 43.6
56 −0.05± 0.09 −0.01± 0.09 18.1 13.1 67.7
57 0.03± 0.02 0.04± 0.02 17 14.6 120
58 0.3± 0.1 0.6± 0.2 15.9 13 50
59 0± 0.1 0± 0.1 13 13 11.3
60 0.12± 0.06 0.24± 0.07 19.9 13.5 44.6
61 0.11± 0.02 0.28± 0.02 23.6 14.9 1.6
62 0.12± 0.03 0.27± 0.05 22.7 14.5 18.2
63 0.09± 0.08 0.17± 0.09 21 13 74.2
64 0.094± 0.009 0.27± 0.02 18.3 17.8 43.4
65 0.06± 0.03 0.3± 0.06 33.5 21.2 29.5
66 0.12± 0.01 1.25± 0.04 40.3 29.9 59.6
67 0.09± 0.02 0.19± 0.03 26.1 13 53.7
68 0.11± 0.05 0.24± 0.06 21.4 13.6 56.5
69 0.07± 0.01 0.22± 0.03 25.2 18.2 74
70 0.05± 0.02 0.21± 0.03 39.2 15.8 47.2
71 0.06± 0.01 0.16± 0.02 28.3 13 126
72 0.04± 0.01 0.09± 0.02 25.5 15.1 46.7
73 0.07± 0.02 0.14± 0.03 20.6 13 20.9
74 0.09± 0.02 0.31± 0.03 28 14.8 48.6
75 0.08± 0.009 0.23± 0.01 21.3 18.5 48.1
76 0.03± 0.02 0.08± 0.02 32 13.6 57.7
77 0.05± 0.03 0.22± 0.06 37.1 20.2 45.5
78 0.05± 0.02 0.11± 0.02 22.5 13.3 20.8
79 0.04± 0.01 0.07± 0.02 17.6 13 152
80 0.04± 0.02 0.14± 0.04 37.5 13 91.8
B.1. Mon R2 283
# F850P ± σ850P F850T ± σ850T A850 B850 Θ850
81 0.066± 0.008 0.2± 0.02 18.9 17.9 93.7
82 0.019± 0.009 0.09± 0.01 46.5 16.9 92.5
83 0.039± 0.009 0.06± 0.01 16.6 13 11
84 0.06± 0.02 0.12± 0.02 26 13.3 146
85 0.06± 0.02 0.13± 0.02 22.5 13 39.2
86 0.025± 0.003 0.037± 0.003 14.4 13.2 166
87 0.04± 0.01 0.57± 0.03 62 34.6 68.7
88 0.03± 0.009 0.04± 0.01 18.7 13 99.5
89 0.039± 0.009 0.09± 0.02 24 17.2 101
90 0.03± 0.01 0.13± 0.02 28.1 20.4 112
91 0.031± 0.009 0.13± 0.02 29.7 25.9 75.5
92 0.056± 0.009 0.22± 0.02 29.1 19.9 35.6
93 0.041± 0.008 0.19± 0.02 32.4 23.7 165
94 0.05± 0.01 0.16± 0.02 22.8 16.3 24.6
95 0.027± 0.01 0.11± 0.01 35.5 15.7 16.6
96 0.04± 0.02 0.41± 0.05 43.2 37 151
97 0.01± 0.01 0.11± 0.02 42.8 28.3 49.7
98 0.029± 0.009 0.04± 0.01 23.7 17.3 68.4
99 0.018± 0.008 0.09± 0.01 35.4 28.1 178
100 0.04± 0.01 0.16± 0.02 23.3 22.5 130
101 0.03± 0.01 0.27± 0.02 52.8 25.5 162
102 0.048± 0.008 0.36± 0.02 43.2 25.7 54
103 0.041± 0.008 0.11± 0.01 28.9 13 16.1
104 0.027± 0.01 0.55± 0.03 69.7 41.8 3.8
105 0.04± 0.01 0.16± 0.02 38.5 19.4 75
106 0.026± 0.008 0.12± 0.02 31.9 26 147
107 0.032± 0.009 0.25± 0.02 55.5 28.8 37.4
108 0.026± 0.008 0.12± 0.01 38.7 21.2 179
109 0.016± 0.009 0.26± 0.02 61 32.3 121
110 0.04± 0.01 0.18± 0.02 34.3 20.2 135
111 0.032± 0.009 0.1± 0.02 31.1 25.1 136
112 0.043± 0.008 0.114± 0.01 28.4 13.4 62.5
113 0.012± 0.007 0.05± 0.01 32.2 27.2 100
114 0.03± 0.01 0.06± 0.01 31.6 15.5 131
115 0.009± 0.001 0.121± 0.002 42.8 31.2 65
116 0.021± 0.008 0.09± 0.02 40 34.9 82.9
117 0.027± 0.006 0.089± 0.01 32.4 20.3 99.3
118 0.024± 0.008 0.06± 0.01 38.9 17.7 16
119 0.015± 0.006 0.023± 0.009 29.1 16.1 134
120 0.04± 0.01 0.22± 0.02 32.3 21.4 180
121 0.014± 0.007 0.16± 0.02 48.8 42.5 30.9
122 0.013± 0.008 0.06± 0.01 46.1 14.8 87.8
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# F850P ± σ850P F850T ± σ850T A850 B850 Θ850
123 0.009± 0.005 0.054± 0.009 46.7 23.1 21.5
124 0.027± 0.009 0.17± 0.02 49.2 27.5 151
125 0.015± 0.01 0.2± 0.03 77.8 29.2 24.5
126 0.03± 0.01 0.14± 0.03 51.7 38.8 27.3
127 0.04± 0.01 0.2± 0.03 36.8 33.4 9.5
128 0.02± 0.006 0.03± 0.01 42.8 32.5 78.9
129 0.012± 0.006 0.076± 0.01 32.2 28.9 88.5
130 0.03± 0.02 0.23± 0.04 32.4 22.8 78.9
131 0.02± 0.01 0.1± 0.02 37.8 26.5 178
132 0.034± 0.01 0.42± 0.03 45.2 42.5 122
133 0.017± 0.008 0.06± 0.01 35.6 30.6 142
134 0.009± 0.006 0.23± 0.03 88.5 76.8 164
135 0.004± 0.005 0.11± 0.01 55.4 41.5 132
136 0.003± 0.002 0.189± 0.007 66 59.8 136
137 0.019± 0.006 0.09± 0.01 44 30.6 155
138 0.003± 0.002 −0.539± 0.007 89.9 74.7 149
139 0.05± 0.02 0.16± 0.04 37 29.5 122
140 0.02± 0.01 0.09± 0.02 36.1 23.2 120
141 0.016± 0.009 0.06± 0.01 34.7 27.2 104
142 0.007± 0.001 0.038± 0.002 38 29.8 67.9
143 0.03± 0.01 0.3± 0.03 56.4 46.5 96.7
144 0.022± 0.008 0.62± 0.04 86.8 83.8 102
145 0.015± 0.008 0.08± 0.01 34 30.3 46.8
146 0.025± 0.006 0.18± 0.01 39 32 131
147 0.021± 0.009 0.35± 0.03 81.8 40.1 59.2
148 0.014± 0.007 0.07± 0.01 38.8 30.7 48.3
149 0.014± 0.005 0.03± 0.008 33.5 29.6 99.3
150 0.016± 0.007 0.1± 0.02 40.5 37.9 28.7
151 0.03± 0.01 0.06± 0.02 34.5 27.1 77
152 0.018± 0.006 0.036± 0.009 33.6 25.1 39.8
153 −0.005± 0.003 −0.014± 0.005 40.1 13.9 151
154 0.018± 0.008 0.07± 0.01 40.1 22.8 43.4
155 0.022± 0.006 0.05± 0.01 32.6 26.9 140
156 0.018± 0.006 0.1± 0.02 43.4 39.5 120
157 0.031± 0.009 0.09± 0.02 42.3 26.6 139
158 0.022± 0.008 0.11± 0.02 54.1 19.1 90.8
159 0.021± 0.009 0.16± 0.02 38.3 30.6 65.9
160 0.017± 0.009 0.44± 0.04 88.8 73.9 52
161 0.024± 0.009 0.05± 0.02 36.4 27.9 54.9
162 0.024± 0.009 0.31± 0.03 56.7 48.7 116
163 0.029± 0.009 0.42± 0.04 83.5 43.8 52.5
164 0.019± 0.006 0.1± 0.01 42.8 37.6 18.3
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# F850P ± σ850P F850T ± σ850T A850 B850 Θ850
165 0.017± 0.008 0.09± 0.02 57 45.6 69.3
166 0.009± 0.008 0.06± 0.01 35.3 28.4 94.5
167 0.021± 0.009 0.07± 0.02 29.5 27.3 171
168 0.008± 0.006 0.05± 0.01 37.6 35.1 127
169 0.006± 0.005 0.07± 0.01 49.4 41.7 87.2
170 0.026± 0.008 0.13± 0.02 47.1 43.1 162
171 0.021± 0.009 0.1± 0.01 38 26.3 86.9
172 0.014± 0.007 0.23± 0.03 69.4 60.7 41.7
173 0.018± 0.007 0.12± 0.02 68.5 47.3 159
174 0.015± 0.007 0.08± 0.01 35.2 24.8 133
175 0.025± 0.008 0.87± 0.04 83.9 78.3 90.2
176 0.02± 0.008 0.1± 0.02 45 39.9 0.9
177 0.005± 0.002 0.191± 0.006 54.4 48.4 46.8
178 0.023± 0.009 0.11± 0.02 27.8 23.5 102
179 0.011± 0.003 0.07± 0.01 67.3 59.6 104
180 0.016± 0.007 0.09± 0.02 57.2 52.8 140
181 0.019± 0.006 0.12± 0.02 64 51 141
182 0.029± 0.007 0.3± 0.02 56.5 39.1 55.5
183 0.016± 0.008 0.12± 0.02 53.1 42.5 82.4
184 0.026± 0.007 0.29± 0.02 52.4 41.1 169
185 0.02± 0.01 0.08± 0.02 30.5 27.5 10.8
186 0.017± 0.007 0.03± 0.02 34.6 31.7 161
187 0.013± 0.005 0.16± 0.01 56.8 45.1 28.5
188 0.017± 0.004 0.18± 0.01 70.3 64.4 163
189 0.019± 0.008 0.14± 0.02 56.9 42.9 97.9
190 0.01± 0.006 0.1± 0.01 39 37 61.4
191 0.014± 0.006 0.12± 0.02 50.8 45.7 157
192 0.014± 0.007 0.2± 0.02 51 43.4 1.7
193 0.018± 0.007 0.14± 0.02 47.9 39.9 18.8
194 0.009± 0.005 0.06± 0.01 45.6 41.5 174
Mon R2 WISE Catalogue Measurements
WISE flux densities, Fλ (in Jy), for all sources that showed overlap, together with the
name of the WISE source.
# F3.4 F4.6 F12 F22 WISE name
2 7.1 14 230 760 J060746.08−062312.0
11 0.034 0.081 0.41 4.5 J060741.97−062119.3
13 0.00059 0.0011 0.0018 0.017 J060757.28−063100.5
14 0.0032 0.041 0.14 1.1 J060711.22−054720.4
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# F3.4 F4.6 F12 F22 WISE name
19 0.0022 0.014 0.12 1.2 J060707.80−060348.6
24 0.023 0.094 0.47 1.2 J060832.95−061811.2
28 0.0083 0.024 0.066 0.34 J060840.87−062346.1
34 0.0014 0.0078 0.026 0.21 J060744.00−061102.6
43 0.00018 0.00059 0.00071 0.0038 J060710.65−062631.9
45 0.053 0.056 0.26 3.4 J060744.76−062030.6
48 0.0084 0.021 0.022 0.044 J060710.96−062651.5
49 0.13 0.15 0.62 0.88 J060658.50−055506.7
57 0.0058 0.0096 0.025 0.096 J060708.71−060321.1
64 0.00021 0.00046 0.0020 0.0059 J060825.78−061738.0
86 0.0089 0.013 0.029 0.096 J060722.32−064513.2
Mon R2 Derived Core Properties
This contains: temperature, T (in K), clump mass, M (in M), both with errors, σ,
and luminosity, L (in L). Also, the table has the most likely core type for the object,
whether protostellar or starless, and a potential identity, from SIMBAD (Wenger et al.,
2000). The references for the names are: a: Beckwith et al. (1976); b: Gutermuth et al.
(2009); c: Hodapp (2007); d: Condon et al. (1998). An asterisk (*) beside the source
type means that it was detected in the H2CO line data.
# T ± σT M ± σM L Core Type
1 38± 1 6.4± 0.9 2400 Protostar Mon R2 IRS 3a
2 32± 1 16± 2 5000 Protostar Mon R2 IRS 1a
3 34± 2 3± 0.5 630 Protostar Mon R2 IRS 5a
4 40± 2 2.4± 0.4 1200 Protostar
5 29± 1 6± 0.9 490 Protostar
6 23± 2 3.2± 0.9 59 Protostar* Mon R2 6b
7 34± 2 2.5± 0.4 520 Protostar*
8 31± 8 2± 1 300 Piece of cloud 2MASS J06074370−0623107
9 25± 3 1± 0.3 36 Protostar
10 32± 5 5± 2 760 Bound dense core*
11 23± 3 2.3± 0.9 52 Protostar Mon R2 1b
12 27± 2 3.9± 0.9 220 Piece of cloud
13 23± 2 0.5± 0.1 9.9 Protostar Mon R2 8b
14 19± 2 0.7± 0.2 7.4 Protostar IRAS 06047−0546
15 27± 4 4± 1 220 Bound dense core*
16 29± 7 2± 1 170 Protostar
17 21± 2 0.8± 0.2 9.2 Protostar Mon R2 2b
18 23± 4 3± 1 74 Protostar
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# T ± σT M ± σM L Core Type
19 19± 2 1± 0.3 8.3 Protostar 2MASS J06070781−0603487
20 23± 3 8± 3 150 Bound dense core*
21 15± 2 8± 4 9.0 Piece of cloud
22 17± 1 0.9± 0.3 2.4 Protostar JCMTSF J060758.4−062532
23 18± 3 6± 3 21 Piece of cloud
24 19± 2 0.3± 0.1 7.5 Protostar
25 29± 6 4± 2 330 Piece of cloud
26 31± 8 1.9± 0.9 260 Piece of cloud
27 31± 6 4± 1 459 Piece of cloud 2MASS J06074702−0622208
28 16± 1 0.6± 0.1 2.3 Protostar
29 20± 2 13± 4 110 Protostar*
30 26± 5 2± 1 110 Piece of cloud
31 18± 3 2± 1 7.3 Protostar
32 24± 6 5± 2 110 Bound dense core
33 32± 7 1.7± 0.9 250 Bound dense core* 2MASS J06074617−0622181
34 14.3± 0.8 1.3± 0.3 1.7 Protostar
35 28± 8 1.4± 0.9 91 Piece of cloud
36 25± 4 2.2± 1 77 Bound dense core
37 23± 5 5± 2 99 Piece of cloud
38 18± 3 3± 1 12 Piece of cloud
39 13.7± 0.8 1.9± 0.5 1.3 Protostar
40 15± 2 1± 0.4 1.3 Piece of cloud
41 13.7± 0.7 1.5± 0.3 1.0 Protostar
42 30± 10 2± 1 96 Piece of cloud
43 17± 1 0.6± 0.2 1.5 Protostar
44 17± 2 4± 1 8.1 Protostar
45 17± 3 3± 2 15 Bound dense core 2MASS J06074479−0620303
46 17± 2 1.7± 0.8 3.9 Protostar HOD07 R26c
47 16± 2 0.3± 0.2 0.47 Protostar
48 16± 2 0.3± 0.2 0.90 Protostar HOD07 R1c
49 13± 1 0.5± 0.2 6.2 Protostar 2MASS J06065848−0555066
50 13± 2 8± 5 4.8 Bound dense core
51 21± 3 1.6± 0.6 17 Bound dense core*
52 15± 1 10± 3 12 Bound dense core JCMTSF J060747.9−062502
53 14± 1 14± 5 11 Bound dense core*
54 15± 3 6± 4 10 Bound dense core*
55 15± 1 6± 2 7.3 Protostar
56 16± 4 3± 2 5.7 Protostar
57 16± 3 0.4± 0.2 1.0 Protostar 2MASS J06070870−0603209
58 12± 0.8 24± 8 7.0 Protostar*
59 17± 5 2± 2 6.3 Piece of cloud
60 20± 3 1.5± 0.7 12 Bound dense core
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61 15± 1 2.4± 0.6 2.7 Bound dense core
62 15± 1 3.1± 0.9 3.5 Bound dense core* JCMTSF J060752.3−062638
63 16± 2 4± 2 6.5 Bound dense core*
64 14.1± 0.8 1.7± 0.4 1.3 Protostar
65 13± 1 9± 3 4.4 Bound dense core*
66 12± 1 14± 4 3.6 Bound dense core
67 11± 1 9± 4 1.2 Bound dense core
68 17± 2 2.5± 0.8 6.0 Bound dense core Mon R2 200b
69 11.1± 0.5 3.3± 0.8 0.59 Bound dense core NVSS J060658−062209
70 15± 3 4± 2 4.4 Bound dense core
71 13± 1 3± 1 1.3 Bound dense core Mon R2 32b
72 20± 2 0.4± 0.1 3.0 Protostar
73 11± 1 2± 1 0.52 Bound dense core
74 9.2± 0.6 8± 2 0.45 Bound dense core
75 10.4± 0.8 3.2± 1 0.41 Bound dense core
76 13± 2 3± 2 1.1 Bound dense core*
77 12± 2 11± 7 2.8 Bound dense core*
78 14± 2 1.6± 0.7 1.2 Bound dense core
79 11.8± 0.9 2.2± 0.8 0.58 Bound dense core
80 10± 1 11± 6 1.3 Bound dense core*
81 10.9± 0.5 2.8± 0.6 0.46 Protostar
82 12± 1 4± 2 0.97 Bound dense core
83 11.5± 0.8 0.7± 0.2 0.16 Piece of cloud
84 11± 1 3± 1 0.67 Bound dense core
85 9.4± 0.7 1.9± 0.6 0.22 Piece of cloud
86 13.2± 0.7 0.42± 0.1 0.67 Protostar
87 11± 1 6± 2 1.3 Bound dense core*
88 11± 1 1.3± 0.6 0.19 Bound dense core
89 14± 1 0.7± 0.2 0.40 Bound dense core
90 14± 0.9 0.9± 0.2 1.2 Bound dense core
91 13± 1 1± 0.4 0.39 Bound dense core
92 10± 0.4 2.8± 0.6 0.28 Bound dense core
93 12± 1 1.9± 0.6 0.60 Bound dense core
94 10.4± 1 2.7± 1 0.35 Bound dense core
95 11± 2 2± 1 0.41 Bound dense core
96 11.2± 0.5 5± 1 0.86 Bound dense core
97 10.1± 0.6 1.7± 0.6 0.17 Bound dense core
98 12.5± 0.9 0.5± 0.2 0.17 Bound dense core
99 13.8± 1 0.6± 0.2 0.38 Unbound clump
100 11.9± 0.7 0.9± 0.3 0.25 Protostar
101 9.8± 0.5 11± 3 0.93 Bound dense core
102 11.6± 0.5 6± 1 1.4 Bound dense core
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103 9.2± 0.5 6± 2 0.31 Bound dense core
104 11.3± 0.5 7± 2 1.5 Bound dense core
105 11.6± 0.6 1.8± 0.5 0.44 Bound dense core
106 16± 1 0.8± 0.3 1.2 Unbound clump
107 13± 0.7 2.9± 0.7 1.4 Bound dense core
108 10.1± 0.5 2.3± 0.6 0.23 Bound dense core
109 11.2± 0.6 6± 2 1.1 Bound dense core
110 11.3± 0.5 2.8± 0.7 0.96 Bound dense core
111 11± 0.6 1.1± 0.3 0.19 Bound dense core
112 9.1± 0.5 4± 1 0.22 Bound dense core
113 17± 2 0.2± 0.1 0.49 Protostar
114 9.5± 0.5 4± 1 0.26 Bound dense core
115 9± 1 5± 3 0.29 Bound dense core
116 11.3± 0.6 1.1± 0.3 0.23 Bound dense core
117 12± 1 0.6± 0.2 0.23 Bound dense core
118 14± 1 1± 0.5 0.83 Unbound clump
119 26± 5 0.08± 0.04 3.5 Unbound clump
120 16± 1 1.8± 0.5 2.8 Bound dense core*
121 11.9± 0.7 2.6± 0.9 0.72 Bound dense core
122 12.4± 0.9 1.4± 0.5 0.48 Bound dense core
123 12± 0.8 1± 0.4 0.29 Bound dense core
124 13± 0.7 1.8± 0.4 0.86 Bound dense core
125 11.3± 0.6 6± 2 1.2 Bound dense core
126 13.8± 0.8 1.9± 0.5 1.3 Bound dense core
127 10± 0.4 2.9± 0.7 0.28 Bound dense core
128 11.1± 0.8 0.7± 0.2 0.13 Bound dense core
129 19± 3 0.3± 0.1 1.3 Unbound clump
130 10.7± 0.6 6± 2 0.85 Bound dense core
131 13.9± 1 0.5± 0.2 0.36 Unbound clump
132 11.8± 0.6 5± 1 1.4 Bound dense core
133 16± 3 0.3± 0.2 0.56 Unbound clump
134 22± 3 1.1± 0.4 16 Unbound clump
135 11.8± 0.7 2.3± 0.8 0.59 Bound dense core
136 10.7± 0.6 6± 2 0.82 Bound dense core
137 12.7± 0.9 0.9± 0.3 0.44 Bound dense core
138 15± 1 4± 1 7.4 Bound dense core
139 11.8± 0.7 1.3± 0.4 0.34 Bound dense core
140 12.6± 0.7 1± 0.2 0.72 Bound dense core
141 15± 2 0.3± 0.2 0.30 Unbound clump
142 10.6± 0.7 0.7± 0.3 0.099 Bound dense core
143 10.8± 0.5 3.2± 0.8 0.48 Bound dense core
144 12.1± 0.6 7± 1 2.1 Bound dense core
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145 10.5± 0.9 1.2± 0.6 0.15 Bound dense core
146 11.8± 0.6 1.7± 0.4 0.44 Bound dense core
147 15± 1 4± 1 5.0 Bound dense core
148 12± 1 0.9± 0.4 0.34 Bound dense core
149 15± 1 0.2± 0.07 0.26 Unbound clump
150 12.3± 0.7 1.1± 0.3 0.37 Bound dense core
151 12± 2 0.4± 0.2 0.13 Unbound clump
152 16± 3 0.15± 0.08 0.28 Unbound clump
153 15± 2 0.3± 0.2 0.36 Unbound clump
154 19± 2 0.3± 0.1 1.8 Unbound clump
155 11± 0.7 0.8± 0.2 0.13 Bound dense core
156 13.3± 0.8 0.9± 0.2 0.49 Unbound clump
157 11.9± 0.7 1.9± 0.5 0.51 Bound dense core
158 15± 1 1.2± 0.4 1.3 Bound dense core
159 12.3± 0.7 1.3± 0.4 0.45 Bound dense core
160 13± 2 6± 3 2.5 Bound dense core
161 12.9± 1 0.4± 0.1 0.17 Protostar
162 11.8± 0.6 3.4± 0.8 0.86 Bound dense core
163 14.5± 0.9 5± 1 5.0 Bound dense core
164 23± 3 0.25± 0.09 4.6 Piece of cloud
165 16± 3 1± 0.5 1.7 Unbound clump
166 14± 1 0.5± 0.3 0.32 Unbound clump
167 16± 1 0.4± 0.1 0.58 Unbound clump
168 13± 1 0.8± 0.4 0.33 Unbound clump
169 12± 2 2± 1 0.49 Bound dense core
170 17± 3 0.5± 0.2 1.6 Unbound clump
171 15± 2 0.5± 0.2 0.72 Unbound clump
172 17± 2 1.2± 0.4 3.5 Unbound clump
173 13.3± 0.8 1.7± 0.4 0.95 Bound dense core
174 14.2± 0.9 0.5± 0.1 0.40 Unbound clump
175 10.1± 0.8 13± 4 1.3 Bound dense core
176 11.7± 0.6 1.3± 0.4 0.32 Bound dense core
177 15.2± 1 0.6± 0.1 0.72 Unbound clump
178 13.8± 0.9 1.2± 0.3 0.81 Bound dense core
179 15± 2 0.7± 0.3 0.92 Unbound clump
180 13.7± 0.9 1.1± 0.3 0.77 Unbound clump
181 11± 1 2± 0.7 0.36 Bound dense core
182 17± 1 1.1± 0.3 3.2 Bound dense core*
183 13± 1 1.2± 0.5 0.46 Unbound clump
184 13.4± 0.8 2.1± 0.5 1.2 Bound dense core
185 12± 2 0.8± 0.6 0.23 Bound dense core
186 13± 1 0.6± 0.3 0.26 Unbound clump
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187 14.9± 0.9 1.4± 0.3 1.6 Unbound clump
188 13± 0.7 2± 0.5 0.94 Unbound clump
189 13.7± 0.8 1.9± 0.5 1.3 Unbound clump
190 12± 1 1.4± 0.7 0.43 Bound dense core 2MASS J06082507−0627076
191 12± 1 1.1± 0.4 0.33 Bound dense core
192 12.6± 0.7 2.3± 0.5 0.97 Bound dense core
193 11.9± 0.6 1.6± 0.4 0.44 Bound dense core
194 15± 1 0.5± 0.2 0.62 Protostar*
B.2 NGC 2264
The NGC 2264 HOBYS catalogue tables are given here in full.
NGC 2264 Global Parameters
This contains: source name; and α and δ, the source Right Ascension and Declination
in J2000 coordinates.
# HOBYS Name α δ
1 HOBYS J064109.9 +092932 06h41m09.87s +09◦29′32.5′′
2 HOBYS J064112.3 +092903 06h41m12.30s +09◦29′02.9′′
3 HOBYS J064109.9 +092922 06h41m09.91s +09◦29′21.7′′
4 HOBYS J064108.6 +092944 06h41m08.62s +09◦29′43.7′′
5 HOBYS J064106.2 +093553 06h41m06.21s +09◦35′53.1′′
6 HOBYS J064105.9 +093408 06h41m05.89s +09◦34′07.6′′
7 HOBYS J064115.1 +092916 06h41m15.09s +09◦29′16.2′′
8 HOBYS J064105.4 +093406 06h41m05.43s +09◦34′05.5′′
9 HOBYS J064111.5 +093531 06h41m11.53s +09◦35′31.2′′
10 HOBYS J064109.3 +092954 06h41m09.30s +09◦29′53.9′′
11 HOBYS J064114.9 +092930 06h41m14.93s +09◦29′29.9′′
12 HOBYS J064111.9 +092911 06h41m11.93s +09◦29′11.4′′
13 HOBYS J064104.0 +093458 06h41m04.00s +09◦34′58.0′′
14 HOBYS J064112.4 +092701 06h41m12.44s +09◦27′01.1′′
15 HOBYS J064109.8 +092946 06h41m09.84s +09◦29′45.5′′
16 HOBYS J064059.0 +093323 06h40m59.03s +09◦33′23.1′′
17 HOBYS J064048.4 +093556 06h40m48.41s +09◦35′56.1′′
18 HOBYS J064117.7 +092903 06h41m17.68s +09◦29′02.6′′
19 HOBYS J064108.0 +093006 06h41m07.96s +09◦30′05.7′′
20 HOBYS J064114.5 +092710 06h41m14.45s +09◦27′09.6′′
21 HOBYS J064112.6 +092920 06h41m12.60s +09◦29′19.8′′
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22 HOBYS J064106.0 +093347 06h41m06.02s +09◦33′47.1′′
23 HOBYS J064106.2 +092658 06h41m06.20s +09◦26′58.1′′
24 HOBYS J064051.8 +093422 06h40m51.84s +09◦34′21.9′′
25 HOBYS J063934.4 +093520 06h39m34.39s +09◦35′20.0′′
26 HOBYS J064029.8 +094937 06h40m29.76s +09◦49′36.7′′
27 HOBYS J064049.1 +093429 06h40m49.08s +09◦34′28.6′′
28 HOBYS J064001.0 +094259 06h40m01.00s +09◦42′59.5′′
29 HOBYS J064113.3 +092557 06h41m13.33s +09◦25′56.6′′
30 HOBYS J063933.4 +093552 06h39m33.44s +09◦35′52.2′′
31 HOBYS J064112.9 +092555 06h41m12.89s +09◦25′54.8′′
32 HOBYS J064111.7 +092604 06h41m11.68s +09◦26′03.7′′
33 HOBYS J064057.5 +093631 06h40m57.46s +09◦36′31.2′′
34 HOBYS J064108.9 +092445 06h41m08.86s +09◦24′45.4′′
35 HOBYS J064112.9 +092624 06h41m12.94s +09◦26′23.6′′
36 HOBYS J064109.9 +092436 06h41m09.86s +09◦24′36.3′′
37 HOBYS J064110.5 +092534 06h41m10.47s +09◦25′34.3′′
38 HOBYS J064113.8 +092446 06h41m13.76s +09◦24′46.3′′
39 HOBYS J064032.1 +094648 06h40m32.06s +09◦46′48.1′′
40 HOBYS J064113.7 +092421 06h41m13.71s +09◦24′21.1′′
41 HOBYS J064023.3 +095628 06h40m23.27s +09◦56′28.1′′
42 HOBYS J064053.4 +093645 06h40m53.35s +09◦36′45.1′′
43 HOBYS J064040.4 +094747 06h40m40.42s +09◦47′47.3′′
44 HOBYS J064110.8 +093345 06h41m10.83s +09◦33′45.3′′
45 HOBYS J064120.6 +092125 06h41m20.58s +09◦21′24.7′′
46 HOBYS J064028.5 +095230 06h40m28.48s +09◦52′29.9′′
47 HOBYS J064127.3 +092155 06h41m27.25s +09◦21′55.3′′
48 HOBYS J064035.5 +093542 06h40m35.52s +09◦35′42.2′′
49 HOBYS J063958.9 +094645 06h39m58.90s +09◦46′44.8′′
50 HOBYS J064059.9 +094756 06h40m59.92s +09◦47′56.0′′
51 HOBYS J064039.9 +093433 06h40m39.86s +09◦34′33.5′′
52 HOBYS J063954.2 +094219 06h39m54.20s +09◦42′19.4′′
53 HOBYS J064054.0 +094930 06h40m54.01s +09◦49′29.9′′
54 HOBYS J064131.2 +092655 06h41m31.15s +09◦26′55.3′′
55 HOBYS J064037.1 +095224 06h40m37.11s +09◦52′23.5′′
56 HOBYS J064019.7 +095626 06h40m19.65s +09◦56′26.3′′
57 HOBYS J064020.5 +095340 06h40m20.49s +09◦53′40.4′′
58 HOBYS J064008.1 +093741 06h40m08.09s +09◦37′41.2′′
59 HOBYS J064049.8 +094712 06h40m49.78s +09◦47′11.8′′
60 HOBYS J064127.0 +092226 06h41m27.04s +09◦22′26.3′′
61 HOBYS J064114.0 +094201 06h41m14.01s +09◦42′01.1′′
62 HOBYS J064041.2 +093543 06h40m41.19s +09◦35′43.3′′
63 HOBYS J064122.7 +092324 06h41m22.73s +09◦23′24.1′′
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64 HOBYS J063951.9 +094407 06h39m51.87s +09◦44′06.8′′
65 HOBYS J064039.5 +093411 06h40m39.48s +09◦34′11.1′′
66 HOBYS J064024.5 +095606 06h40m24.53s +09◦56′06.0′′
67 HOBYS J064141.9 +092202 06h41m41.93s +09◦22′02.4′′
68 HOBYS J064008.9 +093826 06h40m08.94s +09◦38′26.3′′
69 HOBYS J063956.9 +094557 06h39m56.87s +09◦45′57.0′′
70 HOBYS J064044.9 +093937 06h40m44.86s +09◦39′36.6′′
71 HOBYS J064022.5 +095453 06h40m22.55s +09◦54′53.0′′
72 HOBYS J064034.9 +095511 06h40m34.94s +09◦55′10.7′′
73 HOBYS J064119.0 +092146 06h41m19.04s +09◦21′46.2′′
74 HOBYS J064037.2 +093325 06h40m37.24s +09◦33′24.9′′
75 HOBYS J064001.5 +094244 06h40m01.54s +09◦42′44.1′′
76 HOBYS J064010.5 +095050 06h40m10.51s +09◦50′50.4′′
77 HOBYS J064108.2 +094346 06h41m08.17s +09◦43′46.1′′
78 HOBYS J064026.4 +093436 06h40m26.37s +09◦34′35.9′′
79 HOBYS J064117.7 +092259 06h41m17.74s +09◦22′59.1′′
80 HOBYS J064028.3 +092620 06h40m28.34s +09◦26′20.4′′
81 HOBYS J064045.9 +094017 06h40m45.93s +09◦40′16.8′′
82 HOBYS J064114.9 +093901 06h41m14.87s +09◦39′00.7′′
83 HOBYS J064101.0 +093920 06h41m01.01s +09◦39′20.2′′
84 HOBYS J064049.9 +094150 06h40m49.86s +09◦41′50.3′′
85 HOBYS J063958.1 +094236 06h39m58.05s +09◦42′36.5′′
86 HOBYS J064037.3 +094731 06h40m37.29s +09◦47′30.6′′
87 HOBYS J064044.9 +093231 06h40m44.93s +09◦32′31.0′′
88 HOBYS J064009.3 +094306 06h40m09.34s +09◦43′05.7′′
89 HOBYS J064117.0 +094436 06h41m16.95s +09◦44′36.1′′
90 HOBYS J064210.7 +090540 06h42m10.68s +09◦05′39.8′′
91 HOBYS J064013.7 +094322 06h40m13.66s +09◦43′21.6′′
92 HOBYS J064037.2 +090354 06h40m37.21s +09◦03′54.1′′
93 HOBYS J064028.6 +093617 06h40m28.56s +09◦36′17.0′′
94 HOBYS J064108.3 +094024 06h41m08.34s +09◦40′24.2′′
95 HOBYS J064104.0 +092554 06h41m04.00s +09◦25′54.1′′
96 HOBYS J064044.2 +093739 06h40m44.24s +09◦37′39.2′′
97 HOBYS J064013.7 +093753 06h40m13.65s +09◦37′53.3′′
98 HOBYS J064040.2 +095216 06h40m40.17s +09◦52′16.1′′
99 HOBYS J064015.6 +092949 06h40m15.60s +09◦29′48.9′′
100 HOBYS J064114.8 +094931 06h41m14.82s +09◦49′31.1′′
101 HOBYS J064021.2 +092722 06h40m21.23s +09◦27′21.7′′
102 HOBYS J064102.2 +094258 06h41m02.19s +09◦42′57.9′′
103 HOBYS J064026.1 +094353 06h40m26.11s +09◦43′52.6′′
104 HOBYS J064100.3 +094441 06h41m00.25s +09◦44′40.7′′
105 HOBYS J064054.3 +094755 06h40m54.28s +09◦47′55.2′′
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106 HOBYS J064100.6 +085741 06h41m00.61s +08◦57′40.5′′
107 HOBYS J064126.7 +092919 06h41m26.72s +09◦29′18.9′′
108 HOBYS J064022.8 +093330 06h40m22.77s +09◦33′29.6′′
109 HOBYS J064130.6 +091619 06h41m30.56s +09◦16′18.6′′
110 HOBYS J064055.7 +094816 06h40m55.72s +09◦48′15.5′′
111 HOBYS J064106.9 +094024 06h41m06.93s +09◦40′24.4′′
112 HOBYS J064049.3 +092830 06h40m49.27s +09◦28′29.6′′
113 HOBYS J064100.9 +092015 06h41m00.88s +09◦20′15.3′′
114 HOBYS J064146.6 +092230 06h41m46.55s +09◦22′30.3′′
115 HOBYS J064040.5 +094356 06h40m40.49s +09◦43′56.5′′
116 HOBYS J064041.3 +090406 06h40m41.30s +09◦04′06.0′′
117 HOBYS J064120.0 +091911 06h41m19.99s +09◦19′11.4′′
118 HOBYS J064132.9 +094753 06h41m32.87s +09◦47′52.8′′
119 HOBYS J064256.3 +091904 06h42m56.26s +09◦19′04.0′′
120 HOBYS J064056.7 +094728 06h40m56.69s +09◦47′28.3′′
121 HOBYS J064019.7 +095128 06h40m19.74s +09◦51′28.4′′
122 HOBYS J064032.4 +090730 06h40m32.38s +09◦07′30.4′′
123 HOBYS J064040.4 +092839 06h40m40.41s +09◦28′39.1′′
124 HOBYS J064234.1 +093401 06h42m34.13s +09◦34′00.9′′
125 HOBYS J064049.0 +094258 06h40m49.02s +09◦42′58.1′′
126 HOBYS J064057.3 +094504 06h40m57.25s +09◦45′03.9′′
127 HOBYS J064033.3 +094457 06h40m33.34s +09◦44′56.9′′
128 HOBYS J064008.9 +094550 06h40m08.87s +09◦45′50.2′′
129 HOBYS J064133.4 +092025 06h41m33.44s +09◦20′25.1′′
130 HOBYS J064040.7 +094117 06h40m40.72s +09◦41′17.1′′
131 HOBYS J064118.1 +094230 06h41m18.12s +09◦42′29.7′′
132 HOBYS J064155.9 +094343 06h41m55.88s +09◦43′42.7′′
133 HOBYS J064016.8 +093701 06h40m16.79s +09◦37′00.5′′
134 HOBYS J064000.5 +090840 06h40m00.55s +09◦08′40.3′′
135 HOBYS J064151.3 +091406 06h41m51.32s +09◦14′06.1′′
136 HOBYS J064021.9 +092546 06h40m21.95s +09◦25′45.5′′
137 HOBYS J064022.6 +092922 06h40m22.55s +09◦29′21.9′′
138 HOBYS J064019.2 +093041 06h40m19.22s +09◦30′40.7′′
NGC 2264 24 µm Parameters
This contains: F24P and σ24P, the peak intensity and its uncertainty (in Jy/beam); F24T
and σ24T, the total flux density and its uncertainty (in Jy); A24, B24, and Θ24, the major
and minor axes (in arcseconds) and the axis orientation (in degrees).
B.2. NGC 2264 295
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
1 – – 11.7 6 111
2 0.4± 0.1 1.2± 0.2 10.4 8.2 99.7
3 1.4± 0.3 1.4± 0.3 11.8 6 114
4 0.3± 0.1 0.5± 0.1 9.4 6 45.8
5 0.056± 0.008 0.093± 0.008 8.6 6 128
6 0.147± 0.01 0.3± 0.01 8.3 6.6 62.4
7 0.03± 0.01 0.15± 0.02 14.4 6 177
8 0.106± 0.01 0.28± 0.02 11.3 7.9 166
9 0.002± 0.005 0.068± 0.006 13.6 6.2 137
10 0± 0.09 0.09± 0.09 6 6 0
11 −0.001± 0.007 0.005± 0.007 6 6 0
12 0± 0.07 −0.04± 0.07 10 6 132
13 0.1± 0.005 0.179± 0.005 9.7 6 78.5
14 0.05± 0.003 0.201± 0.004 9.7 6.3 112
15 0.6± 0.3 0.4± 0.3 8.6 6 89.2
16 0.07± 0.001 0.234± 0.002 12.2 7.5 66.6
17 0.272± 0.001 0.603± 0.002 10.7 7.1 62.2
18 0.002± 0.002 0.015± 0.003 18 6.5 112
19 0± 0.02 0.1± 0.03 24.9 6 56.6
20 0.0003± 0.0006 0.0127± 0.0008 16.1 8.1 41
21 −0.14± 0.04 −0.22± 0.04 9.6 6.8 91.7
22 0.026± 0.009 0.09± 0.01 14.9 6.3 120
23 0.05± 0.003 0.157± 0.004 13.2 7.5 87.8
24 0.0058± 0.0008 0.0132± 0.0008 9.7 6 109
25 0.119± 0.009 0.24± 0.01 10.2 7 64.2
26 0.046± 0.002 0.18± 0.003 12.7 8.4 90.4
27 −0.0001± 0.0006 0.0006± 0.0009 18.8 9.6 164
28 0.0294± 0.0002 0.1819± 0.0003 9.9 6 140
29 0.02± 0.02 0.09± 0.02 15.6 8 64.9
30 – – 38.1 30.9 157
31 0.02± 0.02 0.03± 0.02 6.7 6 9.7
32 0.01± 0.01 0.03± 0.02 13.9 9.3 3.6
33 0.004± 0.001 0.342± 0.006 45.6 24.7 118
34 0.014± 0.007 0.049± 0.01 17.7 6.3 79.4
35 0.02± 0.02 0.08± 0.03 23.1 7.6 89.2
36 0± 0.002 0.052± 0.005 25.4 9.1 120
37 0.017± 0.004 0.049± 0.006 12.6 8.6 41.2
38 0± 0.001 0.038± 0.003 54.9 10.3 62.8
39 0.004± 0.002 0.022± 0.004 25.2 6.3 83.1
40 0± 0.001 0.001± 0.005 24.8 22.7 87
41 0.0211± 0.0006 0.0698± 0.0008 12.2 6 81.4
42 −0.0002± 0.0003 0.0045± 0.0009 41.9 17.4 24.1
296 Appendix B. Core Catalogues
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
43 0.004± 0.004 0.011± 0.007 33.1 6.7 80.6
44 0.0005± 0.0006 0.007± 0.002 24.4 11.8 36.3
45 0± 0.0003 0± 0.0005 18.3 12.4 43.2
46 0.0001± 0.0006 0.004± 0.001 39.7 7.9 3.5
47 −0.0001± 0.0001 0.003± 0.0005 40.7 28.4 115
48 −0.0014± 0.0004 −0.005± 0.001 47.6 14.8 139
49 0.0001± 0.0001 −0.0001± 0.0003 42.8 13.3 30.5
50 −0.0004± 0.0004 −0.002± 0.001 34.5 9.9 127
51 0.001± 0.002 0.062± 0.004 30.6 14.1 110
52 −0.00026± 0.00008 −0.0137± 0.0005 64.1 27.4 154
53 0.008± 0.004 0.16± 0.01 26.4 20.1 163
54 0.0169± 0.0006 0.06± 0.002 9.4 7 171
55 −0.0001± 0.0006 0.115± 0.003 96.2 6 155
56 −0.0001± 0.0001 −0.0074± 0.0004 55.9 15.9 106
57 −0.0006± 0.0006 0.008± 0.002 42.3 24.1 69.7
58 −0.00014± 0.00007 −0.0013± 0.0003 49.5 14.5 130
59 0.012± 0.002 0.151± 0.008 25.2 18.9 26.2
60 0± 0.0001 −0.0122± 0.0006 74.7 35.2 172
61 0.0016± 0.0004 0.014± 0.001 62.6 6.6 73.7
62 0± 0.0002 −0.0046± 0.0009 39.8 26.6 4.2
63 0.0001± 0.0002 0.056± 0.001 76 45.6 21.7
64 −0.00002± 0.00005 −0.00008± 0.0001 32.2 7.8 137
65 0.0001± 0.0005 −0.038± 0.002 44.9 21.9 70.7
66 −0.0004± 0.0002 −0.0079± 0.001 62.9 26.4 48
67 −0.0001± 0.0002 −0.0004± 0.0004 40.5 6.5 2.8
68 0.00003± 0.00008 0.0023± 0.0003 26.8 20 37.6
69 0± 0.00006 0.0023± 0.0003 92.5 20.3 175
70 0± 0.0004 −0.002± 0.002 87 22.2 55.4
71 0± 0.0003 0± 0.0008 36.2 25.1 113
72 −0.0001± 0.0002 −0.0012± 0.0003 29.9 8.1 144
73 −0.0006± 0.0002 0.0104± 0.001 62.2 44.4 159
74 0.0005± 0.0002 0.012± 0.002 76.9 60.4 145
75 −0.0001± 0.0001 0.178± 0.0003 34 9.2 152
76 – – 46.4 21.8 26.6
77 −0.0001± 0.0002 0± 0.001 82.2 29.1 139
78 0.0003± 0.0001 0.0087± 0.0005 36.7 26.6 96.3
79 −0.0013± 0.0003 −0.027± 0.0009 27.2 17.6 131
80 0.00003± 0.00003 0.00478± 0.00009 29.6 8.2 43.4
81 −0.0008± 0.0004 −0.097± 0.003 90.5 38.7 20.2
82 −0.00089± 0.00005 −0.0387± 0.0003 53.3 31.8 101
83 0± 0.0001 0.0085± 0.0004 39.2 23.9 137
84 0± 0.0002 −0.0029± 0.0007 33.3 18.5 99.6
B.2. NGC 2264 297
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
85 0.00007± 0.00007 0.001± 0.0002 48.3 11 174
86 0.091± 0.003 2.6± 0.01 28.5 24.2 20.8
87 0.0001± 0.0001 0.0033± 0.0003 45 8.4 146
88 −0.00012± 0.00008 −0.0046± 0.0005 60.9 34.6 121
89 0± 0.0001 −0.0034± 0.0005 69.7 26.3 172
90 0± 0.0005 0.006± 0.002 60.3 23.2 151
91 −0.00005± 0.00004 0.00032± 0.00009 46.3 6.4 161
92 −0.0001± 0.00003 −0.0033± 0.0002 52 36.8 167
93 0.0002± 0.0007 0.005± 0.002 41.9 6 88.9
94 −0.0002± 0.0001 −0.0015± 0.0003 51.6 7.8 39.7
95 0± 0.0006 0.003± 0.002 29.6 19.9 86.2
96 −0.00019± 0.0001 −0.0005± 0.0002 25.7 10.5 174
97 −0.0001± 0.0002 −0.0004± 0.0006 50.6 16.8 156
98 0.006± 0.003 0.049± 0.005 21.4 12.2 51.6
99 0.0001± 0.0001 0± 0.0004 55.6 13 176
100 0.00004± 0.0001 0.0044± 0.0003 42.2 21.4 62.7
101 −0.00065± 0.00003 −0.0123± 0.0001 42.1 14.9 79.6
102 0± 0.0002 0.0052± 0.001 70.2 18.8 97.7
103 0.0024± 0.0003 0.086± 0.001 34.1 23.8 166
104 −0.0001± 0.0002 −0.0005± 0.0004 47.3 7.5 81.8
105 0.006± 0.001 0.053± 0.003 24.5 11.9 36.6
106 −0.00008± 0.00005 −0.0052± 0.0003 60 43.2 6.4
107 −0.0004± 0.001 −0.005± 0.003 51.9 12.9 84.7
108 0.00007± 0.00008 0.0013± 0.0003 51.3 18 45.5
109 −0.00002± 0.0001 0.0001± 0.0004 58.9 19.9 63.1
110 0.001± 0.001 0.068± 0.007 39.4 33.8 1.1
111 0± 0.0001 0.0001± 0.0003 29.5 7.6 11
112 −0.0001± 0.0002 −0.0002± 0.0004 49.7 6.9 2.5
113 0.0004± 0.00006 0.0027± 0.0002 74.7 7.9 20.7
114 −0.00001± 0.00007 0.0011± 0.0003 65.9 21.3 178
115 0.001± 0.001 0.015± 0.003 24.8 13.7 104
116 0± 0.00005 0.0047± 0.0004 107 76.3 103
117 0.0001± 0.0001 0.0034± 0.0007 35.6 32.6 127
118 −0.0002± 0.0001 −0.0003± 0.0003 56.2 8.1 147
119 – – 65 38.2 158
120 0.0002± 0.0006 0.002± 0.001 37.4 7.3 142
121 −0.001± 0.0003 −0.015± 0.001 28 23.7 68.3
122 −0.00011± 0.00003 0.0051± 0.0003 88.3 65.7 64.4
123 0.0005± 0.0001 0.0044± 0.0004 19.1 15.6 145
124 – – 46.5 24.3 156
125 0.0026± 0.0008 0.048± 0.003 39.9 22 112
126 −0.0002± 0.0004 −0.001± 0.001 43.5 8.6 143
298 Appendix B. Core Catalogues
# F24P ± σ24P F24T ± σ24T A24 B24 Θ24
127 0.0006± 0.0004 0.004± 0.001 36.6 15.3 45.2
128 0.0007± 0.0004 0.0061± 0.0009 40.1 7.7 55.4
129 0± 0.0001 0± 0.001 84.9 81.2 37.6
130 0.0001± 0.0003 −0.005± 0.001 60.6 23.2 14.8
131 0.0001± 0.0003 0.0049± 0.0008 51.7 10.8 61.8
132 0.001± 0.0002 0.12± 0.002 89.3 40 83.1
133 0± 0.0001 0.074± 0.001 113 56.9 149
134 0± 0.00007 0.0064± 0.0005 110 55.4 90.8
135 0.00001± 0.0001 −0.0102± 0.0007 72.7 48.3 57
136 −0.00018± 0.00004 −0.0032± 0.0001 53.2 15.3 125
137 0.00002± 0.00008 0.0014± 0.0004 54.1 45.2 34.9
138 −0.00012± 0.00005 −0.0058± 0.0003 46.3 36.5 121
70 µm Parameters
As for 24µm.
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
1 324.9± 0.4 670± 1 6 5.9 107
2 51± 0.4 110± 2 5.9 5.9 79.8
3 86± 0.4 277.5± 0.5 12.7 7.2 106
4 20.8± 0.3 47.9± 0.4 11.6 6.1 128
5 9.1± 0.2 10.8± 0.5 5.9 5.9 117
6 9.83± 0.03 15.77± 0.07 5.9 5.9 162
7 8.1± 0.1 7.5± 0.1 5.9 5.9 104
8 9.97± 0.03 16.78± 0.05 5.9 5.9 148
9 6.62± 0.04 11.28± 0.07 6.3 5.9 104
10 7.9± 0.4 26± 1 9 6.4 83.5
11 3.65± 0.09 3.5± 0.1 5.9 5.9 54.1
12 8.6± 0.4 15.4± 0.4 8.8 6.9 65.6
13 3.13± 0.07 2.82± 0.08 5.9 5.9 90
14 2.79± 0.02 2.67± 0.03 5.9 5.9 88.4
15 16.4± 0.5 44± 2 8.2 5.9 84.8
16 2.53± 0.01 2.68± 0.02 5.9 5.9 71
17 2.24± 0.01 2.42± 0.02 5.9 5.9 160
18 2.03± 0.04 2.71± 0.06 5.9 5.9 25.5
19 1.9± 0.2 4± 0.6 5.9 5.9 158
20 1.48± 0.02 2.25± 0.03 8.7 5.9 177
21 2.1± 0.4 8.3± 0.6 11.3 8.9 100
22 1.28± 0.02 3.52± 0.04 9.1 5.9 169
23 1.32± 0.02 1.51± 0.02 5.9 5.9 112
B.2. NGC 2264 299
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
24 1.14± 0.02 1.01± 0.02 5.9 5.9 98.7
25 1.07± 0.02 0.89± 0.02 5.9 5.9 92.9
26 0.93± 0.02 0.81± 0.02 5.9 5.9 142
27 0.35± 0.01 0.8± 0.03 7.8 6.4 143
28 0.48± 0.01 0.45± 0.01 5.9 5.9 71.3
29 0.9± 0.2 2.3± 0.2 11.1 6.5 19.4
30 0.008± 0.006 0.8± 0.03 44.7 31 30.8
31 0.9± 0.2 1.6± 0.2 7.6 6 162
32 0.7± 0.2 2.1± 0.3 10.7 7 77.9
33 −0.08± 0.02 −2.4± 0.06 50.4 19.9 50.2
34 0.69± 0.05 2.23± 0.1 11.1 6.8 55
35 0.9± 0.2 4.3± 0.3 14.6 7.8 102
36 0.42± 0.04 2.63± 0.08 19.1 9.6 141
37 0.5± 0.1 1.4± 0.2 10.2 7.1 31.9
38 0.1± 0.04 1.6± 0.1 47.9 13.1 63.7
39 0.21± 0.04 1.71± 0.09 21.4 10.1 84.9
40 0± 0.02 0.21± 0.05 5.9 5.9 0
41 0.19± 0.01 0.33± 0.02 6.4 5.9 166
42 0.02± 0.01 −0.25± 0.05 38.5 34.8 29
43 0.17± 0.03 1.77± 0.09 20.2 13.8 143
44 0.005± 0.009 0.19± 0.03 26.7 24.9 100
45 0.17± 0.02 0.54± 0.04 12.9 6.6 73.4
46 0.02± 0.01 0.69± 0.06 34.1 31.5 73.3
47 −0.015± 0.005 −0.01± 0.03 40.9 39 146
48 0.15± 0.02 2.44± 0.07 34.1 15.7 88.9
49 0.015± 0.01 0.16± 0.05 38.5 36.5 131
50 −0.013± 0.007 −0.31± 0.03 40.8 19.2 170
51 0.05± 0.02 0.44± 0.05 25.8 10.2 86.9
52 0.005± 0.009 0.55± 0.09 88.1 85.4 16.9
53 0.16± 0.02 0.92± 0.05 17.3 10.2 158
54 0.06± 0.01 0.66± 0.04 21.1 19 160
55 −0.06± 0.009 −1.01± 0.03 52.7 15.2 149
56 −0.018± 0.006 0.29± 0.03 47.2 28.9 129
57 0.08± 0.02 1.38± 0.05 40.1 14.2 55.6
58 −0.017± 0.005 −0.59± 0.04 55.4 51.5 43.8
59 0.05± 0.03 0.32± 0.06 33.1 7.4 86.9
60 0.01± 0.01 −0.6± 0.09 72.7 62 104
61 0.023± 0.01 1.6± 0.08 76.5 64.6 132
62 0.02± 0.01 0.62± 0.05 44.2 39.5 15.1
63 −0.011± 0.007 −0.4± 0.04 55.1 30.1 6.6
64 −0.008± 0.004 −0.001± 0.01 24.2 15.4 81.1
65 0.04± 0.02 1.58± 0.09 37.6 31.1 77.5
300 Appendix B. Core Catalogues
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
66 0.04± 0.02 3.5± 0.1 65.3 55.1 165
67 −0.009± 0.004 −0.055± 0.009 47.2 8.6 142
68 −0.01± 0.006 0± 0.02 26 15.1 12.5
69 0.002± 0.006 0.03± 0.03 63.5 36.6 59.3
70 0.03± 0.02 2.1± 0.1 54 48.6 123
71 0± 0.008 0± 0.03 38.4 29.9 48.9
72 0.02± 0.01 0.78± 0.03 31.3 27.6 9.4
73 0.001± 0.007 0.55± 0.06 72.5 59.4 30.2
74 0.01± 0.01 0.37± 0.1 92.3 78.2 54.4
75 0.012± 0.01 0.08± 0.04 36.7 30.4 115
76 0.005± 0.007 0.23± 0.03 44.3 34.8 95.3
77 −0.002± 0.007 0.43± 0.06 97.4 55.8 63.8
78 0± 0.008 0.04± 0.02 48.1 5.9 3.8
79 0.01± 0.01 0.3± 0.04 34.9 26.8 150
80 −0.026± 0.005 0.07± 0.02 45.4 12.1 85
81 −0.02± 0.02 0.13± 0.08 89.3 22.2 4.1
82 0.004± 0.008 0.2± 0.05 63.2 58.3 157
83 −0.008± 0.006 0.1± 0.02 36.8 24.7 171
84 0.05± 0.02 0.87± 0.07 31.3 18.4 41.4
85 0.002± 0.007 0.29± 0.03 54 35.8 111
86 0.06± 0.02 3.6± 0.1 47.5 32.5 17.4
87 0.018± 0.009 0.66± 0.05 39.1 38 44.3
88 −0.002± 0.008 −0.66± 0.06 65 55.4 86.7
89 −0.002± 0.006 0.41± 0.04 70.1 52.9 78
90 0.01± 0.007 0.02± 0.04 55.9 49 7.5
91 0.05± 0.01 0.64± 0.04 31 13.6 129
92 0.0012± 0.0005 0.095± 0.003 57.2 46.3 9.7
93 0.04± 0.02 0.57± 0.04 39.6 12.5 93.5
94 0.007± 0.007 0.4± 0.04 52.6 42 101
95 0.003± 0.008 0.09± 0.03 19.3 16.4 131
96 −0.008± 0.007 0± 0.02 26.4 21.6 126
97 0.017± 0.008 0.41± 0.04 36.3 33.8 158
98 0.01± 0.02 0.21± 0.03 27.1 6.4 146
99 0± 0.007 −0.24± 0.04 64.5 42.5 67.3
100 −0.001± 0.006 0.1± 0.02 36.6 15.8 32.2
101 0.004± 0.008 −0.24± 0.03 39.9 37.4 64.1
102 0.02± 0.01 0.78± 0.07 50.6 39.8 178
103 0.08± 0.01 1.72± 0.04 34.4 18.6 138
104 0.001± 0.008 0.32± 0.03 37.5 27.8 19.9
105 0.04± 0.02 0.28± 0.04 30.9 8.7 30.3
106 −0.019± 0.005 −0.56± 0.03 56.9 35.7 104
107 0.02± 0.01 0.61± 0.05 48.6 19.2 142
B.2. NGC 2264 301
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
108 0.006± 0.008 0.19± 0.04 52.2 44.4 119
109 0.002± 0.002 0.24± 0.01 57.5 48.1 149
110 0.04± 0.02 1.29± 0.1 38.3 27.4 0.2
111 0.04± 0.01 0.47± 0.03 24.4 21.1 54.2
112 0.03± 0.01 0.13± 0.05 35.9 32.2 17.1
113 0± 0.006 −1.11± 0.04 62.1 33.3 176
114 0.002± 0.004 −0.27± 0.03 61 58.6 120
115 0.04± 0.02 0.33± 0.04 29 8.6 58.3
116 0.007± 0.004 −0.66± 0.04 94.6 87.1 73.1
117 0± 0.008 −0.03± 0.03 39.4 23.6 148
118 0.002± 0.008 0.51± 0.04 51.1 35 65.5
119 0.018± 0.009 −0.6± 0.1 90 83.2 118
120 0.01± 0.01 0.92± 0.04 39 27.2 161
121 0.008± 0.01 0.27± 0.04 32.6 31.2 164
122 0.0026± 0.0003 −0.509± 0.004 98.3 83.7 31.7
123 0.04± 0.01 0.1± 0.05 35.1 28.8 179
124 0.002± 0.001 −0.035± 0.005 43.1 19 126
125 0± 0.01 0.21± 0.04 41.2 16.9 74.2
126 0.005± 0.008 0.47± 0.03 41.5 37.3 103
127 0.03± 0.02 0.65± 0.08 34.1 20.2 106
128 0.05± 0.01 0.74± 0.05 33.8 19.4 42.1
129 −0.018± 0.001 −0.659± 0.008 69.2 48.4 0.5
130 0.03± 0.02 1.2± 0.08 47.9 36.8 150
131 0.05± 0.01 0.91± 0.05 37.4 25 47.6
132 0.03± 0.01 4± 0.1 87.7 79.3 108
133 0.018± 0.009 3.3± 0.1 99.9 90.8 63.3
134 0.007± 0.008 −0.15± 0.07 92.2 73.4 53.6
135 −0.01± 0.005 −0.07± 0.02 76 25.1 30.2
136 0.009± 0.007 0.69± 0.05 58.6 53.3 33.1
137 −0.006± 0.003 0.01± 0.02 47.6 44.8 171
138 −0.014± 0.004 0± 0.02 46.8 43.2 168
160 µm Parameters
As for 24µm.
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
1 266± 1 555± 3 17.1 11.7 84.8
2 113± 1 207± 4 11.7 11.7 49.1
3 272± 1 538± 3 14.6 11.7 84.8
4 67± 2 167± 2 20.5 11.7 179
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
5 20± 3 19± 3 11.7 11.7 91.5
6 36± 1 43± 2 11.7 11.7 118
7 18.8± 0.8 22± 1 11.7 11.7 45.6
8 38± 1 49± 2 11.7 11.7 109
9 21.5± 0.6 35± 1 12 11.7 106
10 36± 2 59± 3 13.1 11.7 22.7
11 13.1± 0.8 17± 1 12.4 11.7 70.9
12 71± 1 137± 3 15.6 11.7 50.6
13 6± 2 6± 2 11.7 11.7 101
14 3.5± 0.2 3.9± 0.3 11.7 11.7 110
15 120± 2 234± 3 15.4 11.7 97
16 3.6± 0.1 3.1± 0.1 11.7 11.7 98.2
17 2.9± 0.09 2.8± 0.1 11.7 11.7 70.8
18 15± 0.9 12.8± 0.9 11.7 11.7 57.4
19 15± 1 38± 3 17.9 11.7 54.8
20 10.8± 0.1 11.7± 0.2 11.7 11.7 155
21 3± 6 2± 6 14.7 11.7 58.1
22 8.8± 0.8 15± 1 13.5 11.7 68.7
23 2.4± 0.1 2.1± 0.1 11.7 11.7 97.5
24 2.7± 0.1 2.2± 0.1 11.7 11.7 106
25 0.7± 0.1 0.8± 0.1 11.7 11.7 116
26 1± 0.1 0.8± 0.1 11.7 11.7 127
27 4.5± 0.2 4.6± 0.2 11.9 11.7 101
28 0.51± 0.06 0.55± 0.07 11.7 11.7 44.1
29 2.9± 0.5 5.7± 0.7 18.8 11.7 8.1
30 0.76± 0.08 3.5± 0.2 25.2 15.6 169
31 3.4± 0.6 4.4± 0.6 12.9 11.7 56.2
32 2.3± 0.6 2.8± 0.6 16.9 11.7 35.3
33 1.1± 0.6 9± 1 47.9 16.2 7.6
34 3.2± 0.2 3.8± 0.2 13.7 11.7 34.6
35 3.7± 0.6 6.6± 0.7 20 11.7 106
36 2.1± 0.2 5.2± 0.2 18 13.5 116
37 1.3± 0.4 1.5± 0.4 18.7 11.7 16.4
38 1.3± 0.3 6.4± 1 27.6 18.9 68.5
39 1± 0.1 2.6± 0.2 21.4 12.8 94.3
40 1.1± 0.1 4± 0.2 26.9 15.3 107
41 0.44± 0.05 0.47± 0.05 11.7 11.7 8.4
42 0.23± 0.05 1.3± 0.1 30.9 28.5 47.9
43 1± 0.2 4.2± 0.4 22.1 17.9 152
44 0.3± 0.1 0.5± 0.2 22.5 11.7 104
45 1.18± 0.06 2.19± 0.06 19.6 11.7 97.8
46 0.6± 0.4 1.8± 0.6 30 12.9 1
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
47 0.07± 0.03 0.58± 0.05 46.8 20 130
48 1.2± 0.2 4.3± 0.3 32.4 11.7 87
49 0.27± 0.04 1.13± 0.09 27.7 17.1 23.7
50 0.17± 0.05 0.9± 0.1 30.5 21.2 117
51 1.4± 0.3 3.6± 0.4 22.1 12.2 104
52 0.21± 0.07 4.4± 0.3 73.9 30.6 41.2
53 0.8± 0.2 2.2± 0.3 19.7 13.8 159
54 0.53± 0.06 1.57± 0.09 24.8 15.2 161
55 2.1± 0.3 61± 2 64.3 57.2 76.3
56 0.33± 0.09 3.3± 0.2 45 35.5 17.8
57 1± 0.1 5± 0.3 32.1 15 55.5
58 0.09± 0.05 0.4± 0.1 51.1 33.9 17.3
59 1.4± 0.7 6± 1 21.9 17.3 55.4
60 0.08± 0.04 1.4± 0.2 56.1 44.1 138
61 0.49± 0.08 6.5± 0.3 50.2 30.2 4.4
62 0.39± 0.08 1.4± 0.1 28.1 14.2 12.1
63 0.11± 0.04 2.7± 0.1 67.4 45.7 81.4
64 0.15± 0.04 0.39± 0.06 20.2 11.7 155
65 1.1± 0.2 7.8± 0.4 34.7 24.8 38.8
66 0.51± 0.05 8.3± 0.2 58.5 34.6 136
67 0.16± 0.05 0.81± 0.08 36.4 17.9 77.2
68 0.3± 0.1 0.6± 0.2 23.1 17.5 73.4
69 0.11± 0.03 1.8± 0.1 53.6 44.5 117
70 0.9± 0.1 6.5± 0.3 41.2 21.2 90.8
71 0.46± 0.06 1.3± 0.1 18.6 15.9 67.5
72 0.46± 0.05 1.3± 0.06 23.3 14.2 174
73 0.2± 0.06 4.2± 0.2 56.5 46.1 29.1
74 0.4± 0.1 8.2± 0.4 73.3 28.6 20.2
75 0.23± 0.05 0.84± 0.08 33.8 12.4 102
76 0.11± 0.04 1.67± 0.1 45.1 41.5 135
77 0.17± 0.05 2.6± 0.2 75.9 56.4 149
78 0.12± 0.05 0.6± 0.1 39.3 28.5 48.9
79 0.23± 0.08 1.9± 0.1 38.2 24.8 160
80 0.13± 0.04 1.49± 0.1 41.2 30.3 131
81 0.86± 0.08 21.3± 0.4 64.9 43.9 79.1
82 0.21± 0.06 1.5± 0.1 47.5 19.5 23.8
83 0.21± 0.07 0.8± 0.1 25.7 19.2 167
84 0.49± 0.06 1.8± 0.1 22.6 17 50.7
85 0.14± 0.06 0.9± 0.1 45.1 17 102
86 0.3± 0.2 3.1± 0.4 35 26.4 97.1
87 0.33± 0.06 1.3± 0.1 28.9 16.7 118
88 0.07± 0.06 4.2± 0.2 73.3 66.6 35.3
304 Appendix B. Core Catalogues
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
89 0.24± 0.03 2.8± 0.08 56.6 28.6 116
90 0.1± 0.06 1.4± 0.2 50.5 45.9 159
91 0.4± 0.2 1.6± 0.3 26.6 18.2 133
92 0.04± 0.02 0.54± 0.06 53.2 44 140
93 0.37± 0.08 1.5± 0.1 27.9 15.9 97.2
94 0.13± 0.06 1± 0.2 34.2 27.5 177
95 0.103± 0.005 0.104± 0.009 26.3 22.2 139
96 0.26± 0.03 0.51± 0.05 21.1 13.3 1.9
97 0.5± 0.2 2.6± 0.3 30.2 18.6 119
98 0.7± 0.1 1± 0.2 11.7 11.7 93.5
99 0.11± 0.04 1.5± 0.1 48.8 40.3 118
100 0.11± 0.04 1.01± 0.08 36.5 28.1 57.3
101 0.07± 0.03 0.52± 0.06 33.8 24.1 152
102 0.48± 0.04 4.3± 0.1 36.1 25 120
103 0.33± 0.05 1.5± 0.08 36.9 14.6 143
104 0.3± 0.05 1.5± 0.1 27.8 21.4 175
105 0.5± 0.1 1.2± 0.2 19.6 13 26.6
106 0.06± 0.03 0.37± 0.08 63.3 41.3 168
107 0.5± 0.1 4± 0.3 40 23.6 124
108 0.14± 0.03 0.73± 0.07 38.5 19.5 53.3
109 0.09± 0.04 1± 0.1 61.6 44 42
110 0.6± 0.1 2.8± 0.2 25.4 21.3 35
111 0.36± 0.05 0.76± 0.07 15.4 12 122
112 0.13± 0.04 0.73± 0.08 34 22.5 170
113 0.06± 0.03 1.6± 0.2 87.1 71.1 104
114 0.11± 0.03 2.5± 0.1 61.7 46.8 60.8
115 0.25± 0.08 0.6± 0.1 22.6 12.4 72.6
116 0.02± 0.02 1.1± 0.1 83.7 81.6 2.2
117 0.14± 0.03 0.83± 0.06 29.6 17.7 51.6
118 0.12± 0.05 1.6± 0.1 51 37 78.4
119 0.18± 0.03 4.6± 0.1 73.1 48.2 170
120 0.19± 0.08 0.8± 0.1 29.4 18.2 28.7
121 0.4± 0.2 1.4± 0.2 24.9 17.5 113
122 0.16± 0.03 3.8± 0.2 73.4 62.4 118
123 0.2± 0.04 0.84± 0.07 30 20.4 140
124 0.07± 0.03 0.63± 0.08 45.6 38.3 34.8
125 0.26± 0.05 1.3± 0.1 29 19.5 137
126 0.21± 0.09 0.9± 0.2 33.4 18.9 12.5
127 0.32± 0.1 1.2± 0.2 26.4 15.6 124
128 0.31± 0.07 1.4± 0.1 25.8 16.3 46.7
129 0.15± 0.04 5.4± 0.1 77.5 61.1 142
130 0.24± 0.05 1.7± 0.1 35 29.2 147
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# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
131 0.24± 0.05 2.1± 0.1 40.5 24.9 55.5
132 0.09± 0.04 1.4± 0.1 89.8 20.2 92.2
133 0.4± 0.06 6.4± 0.3 60.5 33.3 145
134 0.17± 0.03 4.9± 0.1 65.2 52.8 2.1
135 0.1± 0.05 1.1± 0.2 70.8 51.5 164
136 0.14± 0.04 2.9± 0.1 58.7 45.5 37.8
137 0.13± 0.03 1.33± 0.06 44.4 27 169
138 0.07± 0.02 0.99± 0.06 45.2 43.3 31.3
250 µm Parameters
As for 24µm.
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
1 168± 2 179± 1 18.2 18.2 82.4
2 66± 2 69± 2 18.2 18.2 172
3 208± 2 260± 1 20.4 18.2 77.3
4 83± 2 111± 2 21.1 18.2 174
5 29± 3 44± 3 24.9 18.9 130
6 20± 3 22± 3 18.2 18.2 126
7 22± 1 22± 1 18.2 18.2 101
8 46± 3 47± 3 18.2 18.2 154
9 23± 2 30± 2 19.3 18.2 155
10 30± 1 35± 2 20.5 18.2 108
11 11± 1 9± 1 18.2 18.2 134
12 113± 2 119± 2 18.6 18.2 132
13 11± 3 12± 3 19.2 18.2 56.2
14 4± 1 4± 0.9 19.2 18.2 137
15 107± 1 113± 1 18.2 18.2 84.8
16 2.9± 0.8 2.5± 0.7 18.2 18.2 112
17 2.9± 0.7 2.4± 0.6 18.2 18.2 178
18 17± 1 24± 2 18.2 18.2 141
19 35± 1 48± 2 18.3 18.2 12.9
20 14± 1 12.6± 1 18.2 18.2 2.6
21 34± 2 49± 1 26.3 18.2 110
22 13± 2 16± 2 19.5 18.2 71
23 1.8± 0.4 1.8± 0.4 19.8 18.2 21.7
24 2.9± 1 2.5± 0.8 18.2 18.2 5.5
25 0.6± 0.2 0.8± 0.2 22.8 18.2 159
26 1.5± 0.4 1.6± 0.3 22.9 18.2 122
27 7.6± 0.9 7.8± 0.8 19.8 18.2 147
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
28 0.6± 0.2 0.5± 0.1 18.2 18.2 54.1
29 2.8± 0.3 3.4± 0.4 20.3 18.2 22.6
30 3.3± 0.2 5.7± 0.3 25 18.2 1
31 4.8± 0.3 7.5± 0.4 25.9 18.2 18.4
32 3.4± 0.4 6.3± 0.4 28.2 19.5 0.9
33 11± 1 27± 2 32.5 23.1 31.4
34 3.2± 0.4 2.2± 0.3 18.2 18.2 175
35 3.1± 0.5 3.7± 0.5 19.8 18.2 94.3
36 2± 0.4 2.3± 0.5 20.1 18.2 137
37 2.6± 0.4 7.1± 0.6 35 31.6 107
38 4.6± 0.5 18± 0.8 47.9 21.6 166
39 1.1± 0.1 1.4± 0.1 23.7 18.2 109
40 2± 0.5 2± 0.5 18.2 18.2 32.3
41 0.8± 0.2 1± 0.2 26.6 18.2 174
42 1.7± 0.6 5.4± 1 32.2 28.3 152
43 1.4± 0.4 1.9± 0.4 20.9 18.2 138
44 1.9± 0.7 2± 0.7 22.7 18.2 142
45 1± 0.3 0.9± 0.2 20.9 18.2 106
46 1.8± 0.8 3± 0.9 32.9 18.2 173
47 0.9± 0.2 1.5± 0.3 33 18.2 130
48 2.1± 0.4 4.6± 0.5 31.9 19.6 84.9
49 1.2± 0.1 2.2± 0.1 29.2 18.2 14.8
50 1.1± 0.2 2± 0.3 29.8 19.2 129
51 2.1± 0.5 2.8± 0.5 26.8 18.2 108
52 0.8± 0.2 6± 0.4 51.1 38.1 48.6
53 1.1± 0.2 1.5± 0.2 23.3 18.2 164
54 1.2± 0.1 1.5± 0.1 22.6 18.2 170
55 3.6± 0.9 25± 2 57.8 34.6 126
56 1.3± 0.2 3.3± 0.3 38 19.8 94.6
57 1.7± 0.2 3.9± 0.2 31.9 19.2 49.4
58 1.2± 0.4 4.1± 0.7 34.7 25.4 174
59 1.7± 0.7 2.8± 0.7 24.6 19.6 24.9
60 0.8± 0.3 3.4± 0.5 38.8 30.3 4.9
61 1.3± 0.2 7.9± 0.4 42.6 35.3 130
62 1.1± 0.3 2.4± 0.4 26.5 24.1 175
63 0.8± 0.2 3.4± 0.4 43.7 27.9 75.6
64 0.6± 0.2 0.6± 0.2 20.7 18.2 171
65 1.7± 0.4 6± 0.5 39 27.9 28.6
66 1.4± 0.1 7.4± 0.3 56.3 28.9 124
67 0.7± 0.1 1.2± 0.1 28.4 18.2 75
68 0.9± 0.3 1.1± 0.3 18.9 18.2 0.2
69 0.64± 0.06 3.2± 0.1 42.1 35.9 175
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
70 1.7± 0.1 5.5± 0.2 46.2 25.4 94.2
71 0.9± 0.2 1.1± 0.2 18.2 18.2 93.5
72 1± 0.2 1.3± 0.2 22.8 18.2 160
73 0.5± 0.2 3.4± 0.5 55 48.4 29.1
74 1.3± 0.4 11.5± 1 68 41 24.9
75 0.8± 0.1 1.4± 0.1 30.2 18.2 95.8
76 0.4± 0.1 1± 0.2 32.7 25 114
77 0.7± 0.1 8.9± 0.4 75.3 50.4 137
78 0.8± 0.2 1.7± 0.3 32.3 18.2 71
79 0.4± 0.3 0.7± 0.3 36.8 18.2 169
80 0.6± 0.2 1.3± 0.2 29.9 20.4 122
81 2± 0.1 17± 0.4 54.2 44.3 80.6
82 0.8± 0.2 2.8± 0.3 39.6 25.3 6.7
83 0.7± 0.2 1.5± 0.2 28.6 22.7 178
84 0.9± 0.1 1.3± 0.1 21.9 18.2 22.1
85 0.8± 0.2 3.3± 0.3 46.5 28.4 100
86 0.5± 0.2 1.8± 0.3 42.4 29.6 61.7
87 0.7± 0.2 1.7± 0.2 28.5 25.2 162
88 0.7± 0.1 4.5± 0.2 60.4 38.2 142
89 1.1± 0.2 5.9± 0.4 37.9 34.4 87.7
90 0.5± 0.2 2.8± 0.3 48.7 37 128
91 0.7± 0.1 1.1± 0.1 22.3 18.5 18.4
92 0.25± 0.09 1± 0.1 48.1 28.3 125
93 0.7± 0.2 1.2± 0.2 24.1 18.2 120
94 0.6± 0.1 1.9± 0.2 35.1 29.5 180
95 0.6± 0.2 0.7± 0.2 26.6 18.2 167
96 0.5± 0.1 0.6± 0.1 24.3 18.2 55
97 0.9± 0.2 2.4± 0.3 31.1 22.8 131
98 0.9± 0.3 1± 0.3 18.2 18.2 22.1
99 0.47± 0.1 2.1± 0.1 45.7 30.4 21.9
100 0.7± 0.2 2± 0.2 34.3 22.7 19.7
101 0.4± 0.2 0.9± 0.2 26.1 22.3 144
102 0.8± 0.2 3.1± 0.4 35.3 29.3 120
103 0.61± 0.1 2± 0.1 33 26.7 138
104 0.7± 0.2 1.3± 0.2 27.5 18.8 4.4
105 0.7± 0.2 0.7± 0.2 19.3 18.2 53.6
106 0.33± 0.03 1± 0.04 49.4 19.7 144
107 0.9± 0.2 2.4± 0.3 38.5 20.7 125
108 0.4± 0.1 0.8± 0.1 41.9 18.2 46.4
109 0.4± 0.1 1.8± 0.2 50.5 24.5 21.4
110 0.6± 0.2 1± 0.3 31.4 18.2 26.3
111 0.6± 0.1 0.7± 0.1 19.3 18.2 42.7
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# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
112 0.46± 0.08 0.74± 0.08 25 18.2 175
113 0.5± 0.1 4.2± 0.2 65.3 32.7 128
114 0.4± 0.1 2.2± 0.2 52.7 31.4 44.5
115 0.5± 0.2 0.6± 0.1 22.9 18.2 129
116 0.31± 0.1 3.6± 0.2 74.2 46.9 162
117 0.46± 0.09 1.3± 0.1 32.4 23.3 50.4
118 0.5± 0.1 1.9± 0.2 39.1 31.5 64.3
119 0.41± 0.06 2± 0.1 54.4 24.7 154
120 0.6± 0.2 1± 0.2 27.6 19.1 35.1
121 0.7± 0.2 1± 0.2 24.3 18.2 114
122 0.6± 0.1 7.4± 0.3 75.3 48 144
123 0.42± 0.09 0.77± 0.09 27.6 19.2 121
124 0.31± 0.1 0.9± 0.1 31.5 23.4 28.7
125 0.5± 0.2 1.1± 0.2 23.9 19.8 153
126 0.36± 0.09 0.8± 0.1 27.9 26.1 33.6
127 0.4± 0.1 1.4± 0.2 36.8 34.1 160
128 0.3± 0.1 0.7± 0.1 33.2 21.9 56.4
129 0.5± 0.1 7.5± 0.3 83.5 66.6 76.1
130 0.27± 0.09 1.2± 0.1 43.1 37.9 124
131 0.28± 0.1 0.6± 0.1 38.2 22.2 49.2
132 0.43± 0.07 5.7± 0.2 71.7 56.3 83.8
133 0.7± 0.3 5.6± 0.6 81.2 30.4 92.2
134 0.55± 0.07 6.1± 0.2 59.3 46.7 165
135 0.4± 0.2 2.3± 0.4 45 32.5 161
136 0.5± 0.1 3.4± 0.2 54.4 43.8 34.4
137 0.4± 0.08 1.4± 0.1 40 21.9 167
138 0.3± 0.06 1.63± 0.09 46.1 35.8 114
350 µm Parameters
As for 24µm.
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
1 67.1± 0.6 74.2± 0.6 24.9 24.9 78.5
2 45.5± 0.5 131.1± 0.9 46.7 27.5 168
3 134± 0.6 160.9± 0.6 25 24.9 66.1
4 35.3± 0.5 40± 1 24.9 24.9 22.3
5 24± 0.4 29.2± 0.3 27.1 24.9 99.9
6 11.8± 0.6 12.7± 0.5 24.9 24.9 135
7 16± 0.5 15.7± 0.5 24.9 24.9 55.6
8 33.7± 0.5 37.3± 0.5 24.9 24.9 134
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# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
9 17.9± 0.5 195± 3 169 51.4 93.3
10 13.6± 0.6 28± 1 44.8 24.9 83.5
11 7.7± 0.5 7.2± 0.4 24.9 24.9 144
12 58.3± 0.5 65.3± 0.9 24.9 24.9 150
13 15.3± 0.5 18.4± 0.5 25.1 24.9 5
14 2.2± 0.2 3± 0.2 33.4 24.9 127
15 61.8± 0.6 112.7± 0.9 37.7 24.9 83.8
16 2± 0.4 1.9± 0.4 24.9 24.9 107
17 1.6± 0.5 1.3± 0.4 24.9 24.9 149
18 18.2± 0.5 60± 2 51.2 24.9 15.1
19 18.1± 0.5 35± 2 24.9 24.9 24.2
20 10.3± 0.2 31± 0.4 82.8 25.4 151
21 27.4± 0.5 32.1± 0.8 24.9 24.9 139
22 17.6± 0.6 20.6± 0.5 27.1 24.9 81.3
23 2.1± 0.2 3.3± 0.2 33 26.8 128
24 2.7± 0.6 2.2± 0.6 24.9 24.9 14.5
25 0.5± 0.3 0± 0.3 24.9 24.9 24.6
26 1.5± 0.6 1.7± 0.6 29.3 24.9 126
27 9± 0.7 13.2± 0.7 34.8 24.9 135
28 0.7± 0.2 0.7± 0.1 24.9 24.9 108
29 0.5± 0.7 0.4± 0.6 24.9 24.9 44.1
30 3.9± 0.4 5.1± 0.4 30.4 24.9 179
31 4.1± 0.2 4.4± 0.2 25.8 24.9 53.8
32 1.5± 0.3 1.9± 0.2 26.2 24.9 150
33 13.5± 0.5 20.2± 0.6 28.1 24.9 41.5
34 1.4± 0.3 0.8± 0.2 24.9 24.9 157
35 0.5± 0.2 0.6± 0.2 30.1 24.9 95.7
36 0.9± 0.3 1.3± 0.3 34.9 24.9 76.9
37 1.7± 0.3 2.3± 0.2 33.6 25 170
38 5.8± 0.3 10.3± 0.4 34.5 24.9 95.2
39 0.6± 0.1 0.7± 0.1 29.4 24.9 126
40 5.3± 0.3 6.6± 0.3 24.9 24.9 55
41 0.7± 0.1 0.9± 0.1 28.2 24.9 168
42 2.5± 0.5 3.2± 0.5 28.2 24.9 110
43 0.8± 0.2 0.8± 0.2 26.7 24.9 137
44 1.3± 1 0.7± 0.9 29 24.9 148
45 0.7± 0.3 0.6± 0.3 24.9 24.9 131
46 1.7± 0.6 2± 0.5 28.6 24.9 173
47 1.1± 0.3 1.5± 0.3 32.4 24.9 138
48 1.5± 0.2 2.3± 0.3 33.9 24.9 84.5
49 1.33± 0.08 1.85± 0.08 29.5 24.9 14.5
50 1.4± 0.2 1.7± 0.2 26.9 24.9 114
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# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
51 1.2± 0.6 1.3± 0.6 30.1 24.9 98.7
52 1.4± 0.2 4.8± 0.4 41.8 37.8 20.1
53 0.8± 0.1 1± 0.1 26.7 24.9 162
54 0.8± 0.1 0.8± 0.1 25.8 24.9 156
55 3.9± 0.6 13.7± 0.9 48 37.8 132
56 1.6± 0.1 2.5± 0.1 36.1 24.9 97.3
57 1.2± 0.1 1.9± 0.1 34.8 24.9 46.1
58 1.4± 0.5 2.9± 0.6 36.3 27.4 3.6
59 1.3± 0.4 1.6± 0.4 27.6 24.9 8.3
60 1.6± 0.3 4.8± 0.4 48.8 31.8 171
61 1.4± 0.2 5.8± 0.3 54.7 34.8 152
62 1± 0.3 0.9± 0.3 24.9 24.9 162
63 1.3± 0.2 3± 0.3 42.3 27.3 82.4
64 0.5± 0.2 0.4± 0.2 24.9 24.9 173
65 1.7± 0.5 3.1± 0.5 38.5 28.2 18.4
66 1.1± 0.1 2.6± 0.2 51.8 24.9 121
67 0.9± 0.1 1.1± 0.1 32.3 24.9 86
68 0.7± 0.3 0.8± 0.3 28.1 24.9 108
69 0.79± 0.06 2.15± 0.09 41.2 31.6 164
70 1.4± 0.2 2.9± 0.2 44.5 28.2 87
71 0.6± 0.1 0.5± 0.1 24.9 24.9 95.2
72 0.6± 0.2 0.6± 0.1 24.9 24.9 12.1
73 0.8± 0.3 2.1± 0.4 56 24.9 1.3
74 1.6± 0.4 7.9± 0.8 73.2 43.1 22.5
75 1.2± 0.1 2.1± 0.2 33 24.9 94.8
76 0.7± 0.2 1± 0.2 34.6 24.9 125
77 0.9± 0.2 5.3± 0.4 73.7 51 154
78 0.7± 0.2 1.3± 0.3 41.3 25 70.3
79 0.8± 0.3 1± 0.3 32.3 24.9 124
80 0.7± 0.2 0.9± 0.2 27.9 24.9 178
81 1.6± 0.2 7± 0.3 51.7 41.7 81.7
82 1± 0.3 2.3± 0.3 50.9 26.5 161
83 0.6± 0.2 0.6± 0.2 28 24.9 173
84 0.4± 0.1 0.4± 0.1 24.9 24.9 12.6
85 1.4± 0.2 4.9± 0.2 47 40.1 93.4
86 0.3± 0.1 0.7± 0.1 45.8 33.6 65
87 0.5± 0.2 0.6± 0.2 24.9 24.9 101
88 1.2± 0.1 4.4± 0.2 47.8 43.9 113
89 1± 0.1 2.8± 0.2 41.8 33.1 110
90 0.6± 0.2 1.4± 0.2 48.5 28.2 132
91 0.43± 0.08 0.45± 0.08 27.9 24.9 175
92 0.5± 0.2 1.1± 0.2 46.9 25.6 122
B.2. NGC 2264 311
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
93 0.6± 0.2 0.7± 0.2 32 24.9 132
94 0.4± 0.2 0.7± 0.2 36.5 24.9 15.1
95 0.4± 0.1 0.3± 0.1 33 24.9 134
96 0.3± 0.1 0.29± 0.09 28.4 24.9 43.8
97 0.8± 0.3 1.2± 0.3 37.9 24.9 134
98 0.7± 0.4 0.9± 0.3 28.8 24.9 29.8
99 0.5± 0.2 0.9± 0.2 39.5 24.9 27.4
100 0.6± 0.2 0.8± 0.2 32.1 24.9 64.1
101 0.5± 0.2 0.6± 0.2 28.1 24.9 115
102 0.5± 0.1 1± 0.1 39.8 24.9 131
103 0.37± 0.03 0.66± 0.03 33 28.3 135
104 0.5± 0.2 0.7± 0.2 32.4 24.9 17.9
105 0.6± 0.2 0.6± 0.2 26.1 24.9 89.6
106 0.55± 0.09 1.2± 0.1 45.2 24.9 148
107 0.6± 0.3 1.1± 0.3 46.1 24.9 131
108 0.5± 0.1 0.7± 0.1 37 24.9 45.8
109 0.5± 0.1 1± 0.2 44.4 26.3 16.4
110 0.5± 0.2 0.6± 0.2 24.9 24.9 73.1
111 0.5± 0.2 0.5± 0.1 24.9 24.9 164
112 0.4± 0.2 0.4± 0.2 28.6 24.9 144
113 0.53± 0.09 1.9± 0.1 54.9 31.9 142
114 0.54± 0.08 1.22± 0.1 53.4 24.9 47.5
115 0.24± 0.06 0.15± 0.05 29.9 24.9 145
116 0.6± 0.2 3.7± 0.3 70 48.6 162
117 0.5± 0.1 0.8± 0.1 37.4 24.9 50.5
118 0.4± 0.2 0.8± 0.2 38.2 27.2 57.4
119 0.53± 0.09 1.7± 0.1 54.7 28.1 151
120 0.5± 0.2 0.5± 0.1 28.3 24.9 39.9
121 0.4± 0.1 0.4± 0.1 27.5 24.9 113
122 0.7± 0.2 3.5± 0.4 64.6 45.1 133
123 0.4± 0.1 0.4± 0.1 30.8 24.9 120
124 0.3± 0.1 0.6± 0.1 32.4 25.9 30.8
125 0.32± 0.1 0.4± 0.1 27.7 24.9 149
126 0.28± 0.06 0.3± 0.06 26.2 24.9 154
127 0.19± 0.06 0.41± 0.05 38.3 37.1 60.1
128 0.16± 0.07 0.23± 0.07 33.4 25.5 77.3
129 0.6± 0.1 3.8± 0.2 67.6 52.2 133
130 0.12± 0.04 0.28± 0.05 48.3 38.4 64
131 0.19± 0.07 0.2± 0.08 40.8 24.9 48.1
132 0.38± 0.08 3± 0.2 70.9 66.5 69
133 0.9± 0.3 8.8± 0.7 86.3 75.7 35.7
134 0.5± 0.2 2.5± 0.4 68.5 37.2 155
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# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
135 0.5± 0.2 1.8± 0.3 42.3 33.5 141
136 0.5± 0.1 2± 0.2 48.8 44.3 28.1
137 0.4± 0.1 0.8± 0.2 40.9 24.9 169
138 0.36± 0.08 0.88± 0.09 41.8 29.3 117
500 µm Parameters
As for 24µm.
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
1 37± 1 36± 1 36.3 36.3 64
2 21± 1 21± 1 36.3 36.3 134
3 51± 1 51± 1 36.3 36.3 73.8
4 21± 1 23± 2 36.3 36.3 45.8
5 21± 1 21± 1 36.3 36.3 87.1
6 4± 1 5± 1 36.3 36.3 0.2
7 0± 2 0± 2 36.3 36.3 71.1
8 19± 1 22± 1 36.3 36.3 35.7
9 7± 1 9± 3 36.7 36.3 35.4
10 14± 1 16± 2 36.3 36.3 22.4
11 11± 1 12± 1 36.3 36.3 4.6
12 24± 1 23± 1 36.3 36.3 136
13 9± 1 10± 1 36.3 36.3 154
14 0± 0.4 0± 0.5 49.4 36.6 122
15 18± 1 19± 1 36.3 36.3 16.7
16 1± 1 1± 1 36.3 36.3 167
17 0.7± 0.3 0.3± 0.3 36.3 36.3 50.8
18 13± 1 33± 3 55.7 36.3 180
19 19± 1 31± 2 40.2 36.3 9.2
20 6.3± 0.5 25± 1 94.5 46 111
21 17± 1 16± 1 36.3 36.3 148
22 7± 1 8± 1 36.3 36.3 78.9
23 2± 0.3 2.9± 0.5 42 36.3 55.4
24 0± 1 1± 1 55.8 36.3 5.3
25 0.8± 0.4 0.9± 0.4 36.3 36.3 45.4
26 1.3± 0.4 1.3± 0.4 41.2 36.3 139
27 6± 1 7.4± 1 43.2 36.3 122
28 0.3± 0.2 0.3± 0.2 36.3 36.3 113
29 2.3± 0.5 3.4± 0.5 54.6 36.3 88.2
30 3.8± 0.4 4± 0.3 36.4 36.3 3.1
31 1.7± 0.5 1.8± 0.5 36.3 36.3 39.8
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# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
32 1.2± 0.5 1.2± 0.5 36.3 36.3 66.7
33 11± 1 11.8± 1 36.3 36.3 72.6
34 0.2± 0.4 0.1± 0.3 44.6 36.3 109
35 0.1± 0.5 0± 0.4 36.3 36.3 46.6
36 1.5± 0.5 2.6± 0.9 57.9 37.5 152
37 2.1± 0.5 2.1± 1 36.3 36.3 144
38 5.7± 0.5 6.3± 0.5 36.3 36.3 78.6
39 0.4± 0.2 0.4± 0.2 39.8 36.3 130
40 5.2± 0.5 6.2± 0.5 37 36.3 69.5
41 0.7± 0.2 0.8± 0.2 39.1 36.3 176
42 3± 1 3± 1 36.3 36.3 117
43 0.5± 0.3 0.5± 0.3 38 36.7 20.4
44 3± 1 4± 1 52.8 36.3 170
45 0.3± 0.4 0.4± 0.4 38.1 36.3 131
46 1.8± 0.3 2.7± 0.3 46.3 39.7 83.2
47 1.1± 0.3 2.1± 0.3 59.7 36.3 137
48 0.9± 0.2 0.8± 0.2 36.3 36.3 58
49 1.06± 0.09 1.19± 0.08 36.3 36.3 9.3
50 1± 0.2 0.9± 0.2 36.3 36.3 111
51 0.9± 0.3 1± 0.3 37.6 36.3 114
52 1.3± 0.2 2.4± 0.3 47.2 41.5 22.6
53 0.4± 0.3 0.5± 0.2 45.8 36.3 42
54 0.4± 0.1 0.3± 0.1 36.3 36.3 102
55 3± 0.4 7.2± 0.5 64.1 38.5 158
56 1.5± 0.2 1.6± 0.2 37 36.3 102
57 0.7± 0.1 0.8± 0.1 47.8 36.3 46.2
58 1.1± 0.3 1.5± 0.3 41.3 36.3 6.9
59 1.3± 0.3 2± 0.3 47.5 36.3 14.6
60 1.9± 0.3 3.5± 0.4 56.3 36.3 168
61 1.4± 0.3 2.8± 0.4 52.8 40 161
62 0.6± 0.3 0.4± 0.3 36.3 36.3 171
63 1.3± 0.4 2.1± 0.4 58.6 36.3 100
64 0.2± 0.1 0.1± 0.1 36.3 36.3 3.4
65 1.4± 0.4 2.2± 0.4 45.5 39.7 37.8
66 1.1± 0.2 2.2± 0.2 61.4 36.3 120
67 0.7± 0.2 0.7± 0.2 51.1 36.3 92.9
68 0.4± 0.2 0.5± 0.2 39.6 36.3 122
69 0.8± 0.07 1.23± 0.08 46.4 36.3 157
70 1.1± 0.3 1.3± 0.3 45 36.3 78.7
71 0.1± 0.1 0.1± 0.1 36.3 36.3 106
72 0.2± 0.2 0.1± 0.2 36.3 36.3 176
73 1.1± 0.4 1.8± 0.4 47.8 36.6 156
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# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
74 1.4± 0.4 3.5± 0.5 64.3 47.4 26.1
75 1.1± 0.2 1.2± 0.2 36.3 36.3 90
76 0.7± 0.2 0.7± 0.2 49.1 36.3 133
77 1± 0.2 3± 0.3 69.9 54.4 150
78 0.5± 0.2 0.6± 0.1 43.6 36.3 60.1
79 1.2± 0.4 1.9± 0.4 52.3 37.9 100
80 0.6± 0.1 0.7± 0.1 37.5 36.3 151
81 1.3± 0.3 2.8± 0.4 52.7 42 71.2
82 1.2± 0.4 1.6± 0.4 51.7 36.3 155
83 0.3± 0.1 0.2± 0.1 36.3 36.3 26.1
84 0.2± 0.1 0.1± 0.1 36.3 36.3 10.3
85 1.3± 0.2 2.2± 0.2 49.3 38.9 97.7
86 0.2± 0.2 0.3± 0.2 48.2 41.4 81.2
87 0.4± 0.3 0.4± 0.2 37.4 36.3 176
88 1± 0.1 1.8± 0.2 44 39.2 89.1
89 0.9± 0.2 1.4± 0.2 45.6 36.3 99.6
90 0.7± 0.2 0.9± 0.2 50 36.3 142
91 0.3± 0.2 0.2± 0.1 36.3 36.3 6.3
92 0.5± 0.2 0.6± 0.2 49.2 36.3 128
93 0.2± 0.1 0.17± 0.1 37 36.3 154
94 0.2± 0.2 0.1± 0.2 36.3 36.3 13.6
95 0.1± 0.3 −0.1± 0.3 36.3 36.3 108
96 0.1± 0.2 0.1± 0.2 36.3 36.3 19.2
97 0.4± 0.2 0.5± 0.2 48.1 42.2 150
98 1± 0.3 1.1± 0.3 36.3 36.3 2.4
99 0.4± 0.2 0.4± 0.2 38 36.3 19.6
100 0.5± 0.2 0.5± 0.1 37.6 36.3 17.9
101 0.4± 0.2 0.3± 0.1 36.3 36.3 132
102 0.4± 0.2 0.5± 0.2 43.8 36.3 148
103 0.2± 0.08 0.2± 0.07 36.3 36.3 117
104 0.3± 0.1 0.3± 0.1 48.9 36.3 13.5
105 0.5± 0.3 0.4± 0.2 41 36.3 49
106 0.5± 0.1 0.7± 0.1 48.5 36.3 153
107 0.3± 0.2 0.3± 0.2 49.2 36.3 104
108 0.3± 0.1 0.3± 0.1 58.6 36.3 40.3
109 0.5± 0.2 0.6± 0.2 47.4 36.3 20.7
110 0.4± 0.2 0.5± 0.2 42.1 39.5 30.1
111 0.4± 0.2 0.5± 0.2 45.5 36.3 132
112 0.2± 0.1 0.1± 0.1 36.3 36.3 129
113 0.5± 0.2 1± 0.2 56.4 36.3 140
114 0.6± 0.1 1± 0.1 49.8 38.7 30.9
115 0.11± 0.09 0.02± 0.08 37 36.3 144
B.2. NGC 2264 315
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
116 0.5± 0.2 1.7± 0.3 71.5 49.4 170
117 0.3± 0.1 0.3± 0.1 42.9 36.3 39.4
118 0.3± 0.1 0.4± 0.1 40.4 36.3 70
119 0.6± 0.1 1.2± 0.2 63.1 36.7 152
120 0.2± 0.2 0.1± 0.2 36.3 36.3 38.5
121 0.2± 0.1 0.1± 0.1 36.3 36.3 106
122 0.7± 0.2 1.7± 0.3 62.9 44.4 135
123 0.2± 0.1 0.16± 0.1 36.3 36.3 131
124 0.21± 0.09 0.21± 0.08 38.7 36.3 40.9
125 0.1± 0.1 0.1± 0.1 37.8 36.3 162
126 0.1± 0.1 0.1± 0.1 36.3 36.3 155
127 0.13± 0.09 0.24± 0.08 54.9 36.3 126
128 0.06± 0.06 0.03± 0.06 37.8 36.3 42
129 0.4± 0.2 0.9± 0.2 67.3 38 114
130 0.08± 0.04 0.1± 0.03 47.5 39.6 126
131 0.1± 0.2 0.1± 0.2 40.2 36.3 51.1
132 0.3± 0.08 1.2± 0.1 74.8 66.3 35.7
133 1± 0.2 3.6± 0.3 73.8 65.2 7.9
134 0.5± 0.2 1.2± 0.3 70.5 38.9 155
135 0.4± 0.2 0.9± 0.2 49.9 40.5 122
136 0.4± 0.1 0.7± 0.1 46.5 36.3 31.1
137 0.31± 0.1 0.23± 0.09 41.3 36.3 173
138 0.24± 0.1 0.32± 0.09 48.1 36.3 122
NGC 2264 1200 µm Parameters
As for 24µm. Only sources on the MAMBO map are listed.
# F1200P ± σ1200P F1200T ± σ1200T A1200 B1200 Θ1200
1 0.22± 0.04 0.52± 0.05 18.6 11 91.7
2 0.49± 0.06 1.3± 0.1 16.5 11 83.9
3 0.69± 0.04 2.06± 0.09 15.7 15.2 56.5
4 0.25± 0.05 0.59± 0.05 20 12 165
5 0.13± 0.03 0.25± 0.03 17.4 11.9 124
6 0.25± 0.02 0.34± 0.03 12.5 11 143
7 0.1± 0.05 0.21± 0.05 13.6 12.5 10
8 0.1± 0.02 0.17± 0.03 14.8 11 156
9 0.06± 0.01 0.12± 0.02 19 11.6 128
10 0.25± 0.05 0.93± 0.09 19.1 15.8 139
11 0.11± 0.05 0.15± 0.05 12.6 11 86.2
12 0.57± 0.05 1.27± 0.09 16.3 11 91.4
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# F1200P ± σ1200P F1200T ± σ1200T A1200 B1200 Θ1200
13 0.08± 0.02 0.1± 0.02 12 11 16.3
14 0.04± 0.01 0.06± 0.01 16.8 11 114
15 0.2± 0.04 0.4± 0.04 15.2 13.6 113
16 0.02± 0.01 0.03± 0.01 17 12.2 39.9
17 0.03± 0.01 0.04± 0.01 14.4 11 73.1
18 0.18± 0.05 0.41± 0.07 17.6 16.1 70
19 0.15± 0.03 0.35± 0.05 17.5 11 34.1
20 0.144± 0.009 0.31± 0.01 18.1 14.2 86.1
21 0.2± 0.05 0.4± 0.05 18.8 11 109
22 0.07± 0.02 0.15± 0.02 18.1 12.8 143
23 0± 0.008 0.008± 0.008 11 11 0
24 0.01± 0.01 0.03± 0.01 16.1 15.1 15.5
27 0.04± 0.02 0.12± 0.02 20.5 12.7 2
29 0.012± 0.01 0.021± 0.01 17.7 12.8 46.5
31 0.01± 0.01 0± 0.01 19.2 11 93.4
32 −0.004± 0.009 −0.012± 0.009 20.9 13.7 44.2
33 0.07± 0.02 0.5± 0.07 34.1 25 31.6
34 0.02± 0.01 0.04± 0.01 17.5 11 138
35 0± 0.01 0± 0.01 23.3 11 108
36 −0.003± 0.008 0.027± 0.009 27.5 11 16.9
37 −0.008± 0.008 −0.001± 0.008 15.8 11 29.5
38 0.07± 0.01 0.55± 0.04 29.5 22.7 161
40 0.04± 0.01 0.16± 0.02 24.8 19 108
42 0.02± 0.01 0.08± 0.02 40.2 12.8 79.2
44 0.018± 0.008 0.05± 0.01 24.9 20.8 150
47 0.02± 0.01 0.09± 0.02 47.1 13.8 97.7
48 0.005± 0.005 0.06± 0.01 43.7 24.3 48.4
51 0.01± 0.006 0.025± 0.008 23.9 15.8 102
54 0.011± 0.005 0.018± 0.007 35.7 12.1 138
60 0.04± 0.01 0.23± 0.03 62.7 20.6 47.8
61 0.012± 0.007 0.21± 0.03 65.8 43 132
62 0.005± 0.006 0.04± 0.01 39.3 28.3 167
63 0.02± 0.01 0.2± 0.04 56.8 33.1 108
65 0.005± 0.005 0.04± 0.01 41.4 20.7 87.2
70 0.008± 0.006 0.03± 0.01 58.3 18.6 128
73 0.009± 0.008 0.17± 0.03 62.8 44.1 171
74 0.003± 0.006 0.23± 0.03 96.1 52.6 10.5
77 0.002± 0.009 0.01± 0.04 116 49.3 31.1
79 0.004± 0.008 0.01± 0.01 32.4 14.7 38.8
81 0± 0.005 0.14± 0.02 95 28 54.9
82 −0.001± 0.005 0.18± 0.02 51.6 35.5 86.8
83 −0.012± 0.004 −0.041± 0.008 37.3 29 152
B.2. NGC 2264 317
# F1200P ± σ1200P F1200T ± σ1200T A1200 B1200 Θ1200
84 0.002± 0.004 0.036± 0.007 35.2 29.3 51.5
87 0.001± 0.003 0.006± 0.004 37.6 21.3 104
94 0.003± 0.006 0.05± 0.02 48.5 29.8 150
95 0.003± 0.005 0.003± 0.008 27.3 21.4 149
96 −0.0094± 0.001 −0.001± 0.001 30.2 13.9 179
102 0.002± 0.007 0.03± 0.01 48.9 20.2 115
104 0.01± 0.002 0.001± 0.003 36.5 13.3 15.6
107 0.009± 0.009 0.04± 0.02 46.3 13.6 85.7
112 −0.0003± 0.0004 0.0036± 0.0007 28.5 11 136
125 −0.007± 0.003 0.002± 0.005 46.2 21.4 105
126 −0.004± 0.009 −0.07± 0.01 42.6 18.7 179
130 −0.005± 0.002 −0.036± 0.005 43.6 25.7 55.8
NGC 2264 WISE Catalogue Measurements
WISE flux densities, Fλ (in Jy), for all sources that showed overlap, together with the
name of the WISE source.
# F3.4 F4.6 F12 F22 WISE name
6 0.0045 0.018 0.029 0.59 J064106.15+093408.4
8 0.014 0.067 0.096 0.96 J064105.58+093409.0
13 0.023 0.071 0.12 0.54 J064104.24+093459.6
14 0.0016 0.017 0.047 0.29 J064112.71+092702.6
16 0.041 0.042 0.080 0.53 J064059.22+093324.4
18 0.014 0.018 0.025 0.080 J064117.92+092901.1
22 0.0042 0.024 0.055 0.54 J064106.27+093349.8
23 0.013 0.023 0.064 0.32 J064106.45+092658.7
25 0.038 0.054 0.12 0.51 J063934.63+093521.4
26 0.00021 0.00056 0.018 0.21 J064030.03+094937.8
28 0.030 0.060 0.15 0.43 J064001.29+094300.6
39 0.0010 0.0011 0.032 0.11 J064032.42+094647.9
41 0.0074 0.015 0.046 0.16 J064023.48+095630.0
56 0.00041 0.00056 0.00087 0.0064 J064019.77+095622.3
130 0.00060 0.00063 0.024 0.038 J064041.00+094120.1
NGC 2264 Derived Core Properties
This contains: temperature, T (in K), clump mass, M (in M), both with errors, σ,
and luminosity, L (in L). Also, the table has the most likely core type for the object,
whether protostellar or starless, and a potential identity, from SIMBAD. References: e:
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Allen (1972); f: Ward-Thompson et al. (2000); g: Reipurth et al. (2004); h: Peretto et
al. (2006).
# T ± σT M ± σM L Core Type
1 33± 1 6.5± 0.9 1200 Protostar Allen’s Sourcee
2 26± 3 6± 2 250 Protostar NGC 2264 MMf
3 30± 4 11± 3 1300 Bound dense core NGC 2264 MM VLA 2g
4 25± 3 8± 2 229 Protostar C-MM10h
5 17± 1 6± 1 16 Protostar JCMTSF J064106.2+093555
6 23± 2 2± 0.6 41 Protostar JCMTSF J064105.8+093407
7 20± 2 2.3± 0.8 20 Protostar JCMTSF J064115.2+092914
8 22± 2 3.7± 1 65 Protostar
9 29± 4 0.9± 0.3 86 Protostar JCMTSF J064111.5+093531
10 20± 2 4± 1 39 Protostar
11 18± 2 2.4± 0.7 9.0 Protostar
12 21± 2 12± 3 130 Bound dense core
13 15± 2 4± 1 8.2 Protostar V809 Mon
14 19± 2 0.5± 0.2 3.9 Protostar JCMTSF J064112.7+092702
15 22.4± 0.5 9± 1 140 Piece of cloud
16 21± 3 0.3± 0.1 4.8 Protostar 2MASS J06405905+0933222
17 20± 2 0.3± 0.1 2.8 Protostar 2MASS J06404862+0935578
18 14.3± 0.9 9± 2 8.1 Protostar
19 16± 1 15± 3 28 Protostar
20 17± 1 2.9± 0.8 6.5 Protostar JCMTSF J064114.8+092714
21 18± 3 7± 2 25 Piece of cloud
22 18± 2 2.6± 0.7 13 Protostar
23 14± 1 1.2± 0.4 2.3 Protostar
24 18± 2 0.4± 0.2 1.5 Protostar JCMTSF J064052.1+093425
25 15± 2 0.3± 0.2 2.8 Protostar
26 13± 1 1± 0.5 1.1 Protostar
27 14.5± 0.9 3± 0.7 2.9 Piece of cloud
28 16± 2 0.2± 0.1 2.7 Protostar 2MASS J06400130+0943005
29 17± 2 1.4± 0.5 3.1 Protostar
30 10.8± 0.5 12± 3 1.9 Protostar
31 18± 2 0.9± 0.3 3.2 Protostar
32 17± 2 0.8± 0.3 2.3 Protostar
33 14± 1 24± 8 16 Bound dense core
34 25± 4 0.15± 0.07 4.7 Protostar
35 30± 8 0.14± 0.1 16 Protostar
36 21± 3 0.4± 0.2 3.9 Protostar
37 13± 1 1.9± 0.8 1.0 Protostar
38 11.1± 0.5 27± 6 4.7 Bound dense core JCMTSF J064113.6+092450
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# T ± σT M ± σM L Core Type
39 22± 3 0.16± 0.08 2.9 Protostar
40 11.5± 0.5 7± 1 1.5 Protostar
41 12.8± 0.9 0.6± 0.2 1.0 Protostar
42 9± 0.5 30± 10 1.5 Piece of cloud
43 20± 3 0.3± 0.2 2.0 Protostar
44 12± 1 1.3± 0.5 0.38 Protostar JCMTSF J064111.1+093349
45 24± 5 0.1± 0.07 2.4 Protostar
46 9± 1 13± 7 0.91 Bound dense core
47 9± 0.9 10± 5 0.48 Bound dense core
48 17± 4 1.1± 0.7 3.5 Piece of cloud
49 10.5± 0.5 5± 1 0.70 Bound dense core
50 9.9± 0.5 7± 2 0.59 Bound dense core LBN 203.10+02.09
51 18± 2 0.7± 0.3 2.4 Unbound clump IRAS 06379+0937
52 9.6± 0.9 30± 10 1.9 Bound dense core
53 17± 2 0.4± 0.2 1.4 Protostar
54 15± 1 0.5± 0.2 0.67 Protostar MO Mon
55 16± 1 12± 4 22 Bound dense core
56 10.8± 0.6 8± 2 1.2 Bound dense core
57 17± 3 1.1± 0.6 3.0 Piece of cloud
58 9.2± 1 17± 9 1.0 Bound dense core
59 15± 2 1.8± 0.7 2.3 Piece of cloud
60 8.3± 0.7 40± 20 1.2 Bound dense core
61 12.6± 0.8 9± 3 3.3 Bound dense core
62 14± 1 1.2± 0.6 0.82 Piece of cloud
63 10.1± 0.5 12± 4 1.3 Bound dense core
64 13± 2 0.4± 0.3 0.20 Unbound clump
65 15± 1 4± 1 3.9 Bound dense core
66 13.5± 1 6± 2 3.6 Bound dense core
67 12± 2 1.7± 0.9 0.44 Bound dense core
68 12± 2 1± 0.7 0.33 Bound dense core
69 10± 0.5 11± 3 1.1 Bound dense core
70 15± 1 2.5± 0.8 3.5 Bound dense core
71 16± 2 0.3± 0.1 0.59 Unbound clump
72 15± 2 0.5± 0.2 0.51 Protostar
73 11.8± 0.8 8± 3 2.1 Bound dense core
74 13± 2 11± 5 3.9 Bound dense core
75 9.1± 0.9 9± 4 0.71 Bound dense core
76 11.5± 0.7 2.3± 0.8 0.51 Bound dense core
77 10.4± 0.5 18± 5 2.2 Bound dense core
78 9.6± 0.6 5± 2 0.37 Bound dense core
79 11.4± 0.7 4± 1 0.76 Bound dense core
80 11.6± 0.7 2.1± 0.7 0.49 Bound dense core
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81 16± 1 6± 2 11 Bound dense core
82 10± 1 8± 4 0.86 Bound dense core
83 13± 1 1± 0.5 0.48 Piece of cloud
84 17± 2 0.2± 0.1 0.74 Protostar
85 8.6± 0.7 22± 10 0.89 Bound dense core
86 22± 4 0.2± 0.1 6.3 Piece of cloud 2MASS J06403725+0947297
87 15± 2 0.6± 0.3 0.79 Unbound clump
88 8.8± 0.7 30± 10 1.5 Bound dense core
89 11.3± 0.6 8± 2 1.6 Bound dense core
90 10± 1 9± 5 0.82 Bound dense core
91 16± 2 0.3± 0.1 0.52 Protostar
92 8.3± 0.9 11± 7 0.35 Bound dense core
93 14± 1 0.8± 0.4 0.50 Protostar
94 13± 1 1.6± 0.8 0.61 Bound dense core
95 8.8± 0.6 2± 1 0.10 Bound dense core
96 16± 2 0.16± 0.09 0.28 Piece of cloud
97 16± 2 0.8± 0.4 1.5 Unbound clump
98 14± 1 0.6± 0.3 0.52 Protostar
99 11.7± 0.9 3± 1 0.71 Bound dense core
100 11.1± 0.7 3± 1 0.54 Bound dense core
101 10.4± 0.8 2± 1 0.26 Bound dense core
102 18± 2 0.8± 0.3 2.7 Unbound clump
103 20± 5 0.3± 0.2 2.0 Unbound clump
104 15± 1 0.5± 0.2 0.60 Piece of cloud
105 17± 3 0.3± 0.2 0.64 Protostar
106 8.4± 0.4 10± 3 0.32 Bound dense core
107 18± 2 0.5± 0.3 2.1 Piece of cloud
108 11.8± 0.8 1.4± 0.6 0.37 Bound dense core
109 10.2± 0.6 5± 2 0.50 Bound dense core
110 20± 3 0.2± 0.2 1.7 Piece of cloud
111 19± 3 0.11± 0.06 0.60 Protostar
112 12± 1 0.9± 0.5 0.22 Protostar
113 11± 1 6± 3 1.2 Bound dense core
114 11.5± 0.7 4± 1 1.0 Bound dense core
115 16± 2 0.15± 0.09 0.27 Protostar
116 9.4± 0.9 16± 8 1.1 Bound dense core
117 12.5± 0.9 1.3± 0.5 0.49 Bound dense core
118 12.3± 0.9 2.1± 0.8 0.69 Bound dense core
119 13± 0.8 2.8± 0.9 1.3 Bound dense core
120 13± 1 0.9± 0.5 0.33 Piece of cloud
121 17± 2 0.2± 0.1 0.55 Protostar
122 11.5± 0.7 10± 3 2.2 Bound dense core
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123 13± 1 0.7± 0.3 0.31 Piece of cloud
124 10.7± 0.7 1.8± 0.8 0.25 Bound dense core
125 16± 2 0.3± 0.1 0.52 Piece of cloud
126 15± 2 0.4± 0.2 0.47 Piece of cloud
127 22± 4 0.08± 0.04 1.4 Piece of cloud
128 25± 6 0.05± 0.03 2.1 Unbound clump
129 13.4± 0.9 5± 2 3.0 Bound dense core
130 24± 4 0.08± 0.04 2.5 Piece of cloud
131 24± 5 0.07± 0.04 2.0 Piece of cloud
132 15± 2 1.8± 0.9 1.9 Unbound clump
133 13.1± 0.8 7± 2 3.5 Bound dense core
134 13.7± 1 4± 1 2.4 Bound dense core
135 10± 1 8± 5 0.67 Bound dense core
136 12.4± 0.8 4± 1 1.4 Bound dense core
137 12.6± 0.9 1.4± 0.5 0.55 Bound dense core
138 11.5± 0.7 2.5± 0.9 0.55 Bound dense core
B.3 Mon R1
The Mon R1 HOBYS catalogue tables are given here in full.
Mon R1 Global Parameters
This contains: source name; and α and δ, the source Right Ascension and Declination
in J2000 coordinates.
# HOBYS Name α δ
1 HOBYS J063106.9 +102604 06h31m06.85s +10◦26′03.9′′
2 HOBYS J063225.9 +101917 06h32m25.93s +10◦19′16.8′′
3 HOBYS J063230.7 +101839 06h32m30.67s +10◦18′39.0′′
4 HOBYS J063158.5 +102746 06h31m58.54s +10◦27′45.8′′
5 HOBYS J063234.1 +103529 06h32m34.15s +10◦35′28.6′′
6 HOBYS J063240.8 +101936 06h32m40.75s +10◦19′35.5′′
7 HOBYS J063305.1 +101919 06h33m05.06s +10◦19′19.0′′
8 HOBYS J063241.1 +101750 06h32m41.10s +10◦17′49.5′′
9 HOBYS J063054.1 +103802 06h30m54.07s +10◦38′02.5′′
10 HOBYS J063245.2 +103028 06h32m45.20s +10◦30′28.0′′
11 HOBYS J063242.8 +100935 06h32m42.82s +10◦09′34.8′′
12 HOBYS J063239.3 +101819 06h32m39.30s +10◦18′19.2′′
13 HOBYS J063050.2 +103720 06h30m50.23s +10◦37′20.1′′
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14 HOBYS J063240.8 +100934 06h32m40.82s +10◦09′33.6′′
15 HOBYS J063240.4 +100959 06h32m40.38s +10◦09′59.3′′
16 HOBYS J063239.3 +100924 06h32m39.31s +10◦09′23.6′′
17 HOBYS J063107.8 +102548 06h31m07.82s +10◦25′48.5′′
18 HOBYS J063219.8 +102106 06h32m19.80s +10◦21′06.2′′
19 HOBYS J063110.2 +102401 06h31m10.16s +10◦24′00.5′′
20 HOBYS J063235.1 +101016 06h32m35.10s +10◦10′15.7′′
21 HOBYS J063239.6 +101905 06h32m39.57s +10◦19′04.5′′
22 HOBYS J063142.0 +102802 06h31m41.97s +10◦28′02.2′′
23 HOBYS J063157.8 +102738 06h31m57.77s +10◦27′37.6′′
24 HOBYS J063238.9 +100946 06h32m38.88s +10◦09′46.2′′
25 HOBYS J063218.7 +102109 06h32m18.75s +10◦21′08.9′′
26 HOBYS J063130.7 +103215 06h31m30.75s +10◦32′15.4′′
27 HOBYS J063234.9 +101951 06h32m34.85s +10◦19′50.6′′
28 HOBYS J063228.4 +101850 06h32m28.39s +10◦18′50.1′′
29 HOBYS J063307.8 +101813 06h33m07.83s +10◦18′12.6′′
30 HOBYS J063234.1 +102009 06h32m34.12s +10◦20′09.3′′
31 HOBYS J063237.0 +101009 06h32m36.96s +10◦10′09.5′′
32 HOBYS J063240.3 +101952 06h32m40.27s +10◦19′51.6′′
33 HOBYS J063113.4 +102519 06h31m13.39s +10◦25′19.2′′
34 HOBYS J063240.1 +101802 06h32m40.12s +10◦18′01.5′′
35 HOBYS J063237.3 +101836 06h32m37.30s +10◦18′36.4′′
36 HOBYS J063307.2 +103251 06h33m07.21s +10◦32′51.1′′
37 HOBYS J063239.1 +101046 06h32m39.12s +10◦10′46.0′′
38 HOBYS J063244.9 +103050 06h32m44.85s +10◦30′50.1′′
39 HOBYS J063236.0 +103211 06h32m36.02s +10◦32′11.4′′
40 HOBYS J063206.6 +101935 06h32m06.59s +10◦19′35.0′′
41 HOBYS J063156.4 +102739 06h31m56.40s +10◦27′38.7′′
42 HOBYS J063243.8 +102927 06h32m43.75s +10◦29′27.2′′
43 HOBYS J063247.4 +102953 06h32m47.35s +10◦29′52.5′′
44 HOBYS J063241.1 +101837 06h32m41.09s +10◦18′37.3′′
45 HOBYS J063240.1 +101657 06h32m40.15s +10◦16′57.1′′
46 HOBYS J063106.8 +104509 06h31m06.81s +10◦45′09.5′′
47 HOBYS J063227.3 +101058 06h32m27.32s +10◦10′58.0′′
48 HOBYS J063132.4 +102215 06h31m32.41s +10◦22′14.7′′
49 HOBYS J063245.6 +100924 06h32m45.57s +10◦09′23.6′′
50 HOBYS J063155.8 +102804 06h31m55.84s +10◦28′04.2′′
51 HOBYS J063058.7 +103818 06h30m58.68s +10◦38′17.8′′
52 HOBYS J063210.8 +101835 06h32m10.79s +10◦18′35.1′′
53 HOBYS J063238.2 +102226 06h32m38.22s +10◦22′25.7′′
54 HOBYS J063243.9 +102826 06h32m43.93s +10◦28′26.2′′
55 HOBYS J063231.1 +102837 06h32m31.14s +10◦28′37.2′′
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56 HOBYS J063205.5 +102951 06h32m05.47s +10◦29′51.5′′
57 HOBYS J063239.4 +101918 06h32m39.35s +10◦19′18.0′′
58 HOBYS J063219.7 +102313 06h32m19.69s +10◦23′13.2′′
59 HOBYS J063222.5 +102549 06h32m22.49s +10◦25′48.9′′
60 HOBYS J063124.3 +105409 06h31m24.26s +10◦54′09.4′′
61 HOBYS J063238.2 +101434 06h32m38.18s +10◦14′34.2′′
62 HOBYS J063220.4 +102155 06h32m20.35s +10◦21′54.5′′
63 HOBYS J063251.9 +102612 06h32m51.92s +10◦26′11.9′′
64 HOBYS J063158.0 +102708 06h31m58.05s +10◦27′08.4′′
65 HOBYS J063042.2 +104327 06h30m42.19s +10◦43′27.4′′
66 HOBYS J063304.4 +102603 06h33m04.42s +10◦26′03.5′′
67 HOBYS J063236.0 +102916 06h32m36.03s +10◦29′16.3′′
68 HOBYS J063235.4 +103253 06h32m35.43s +10◦32′52.8′′
69 HOBYS J063238.8 +101839 06h32m38.78s +10◦18′38.6′′
70 HOBYS J063136.8 +103630 06h31m36.84s +10◦36′29.8′′
71 HOBYS J063050.1 +104012 06h30m50.11s +10◦40′12.0′′
72 HOBYS J063224.4 +102218 06h32m24.35s +10◦22′17.9′′
73 HOBYS J063040.8 +104146 06h30m40.79s +10◦41′46.2′′
74 HOBYS J063250.9 +101806 06h32m50.90s +10◦18′06.0′′
75 HOBYS J063230.2 +102746 06h32m30.24s +10◦27′45.8′′
76 HOBYS J063242.3 +103342 06h32m42.33s +10◦33′42.3′′
77 HOBYS J063245.3 +104615 06h32m45.33s +10◦46′14.7′′
78 HOBYS J063043.6 +103943 06h30m43.62s +10◦39′42.5′′
79 HOBYS J063231.8 +101916 06h32m31.79s +10◦19′16.5′′
80 HOBYS J063231.2 +103751 06h32m31.15s +10◦37′51.2′′
81 HOBYS J063251.2 +101722 06h32m51.15s +10◦17′22.1′′
82 HOBYS J063223.4 +102633 06h32m23.42s +10◦26′33.1′′
83 HOBYS J063156.9 +102952 06h31m56.89s +10◦29′52.0′′
84 HOBYS J063152.3 +103204 06h31m52.34s +10◦32′04.2′′
85 HOBYS J063248.6 +103343 06h32m48.60s +10◦33′42.8′′
86 HOBYS J063115.9 +103751 06h31m15.93s +10◦37′50.6′′
87 HOBYS J063135.2 +103900 06h31m35.20s +10◦39′00.4′′
88 HOBYS J063229.4 +102107 06h32m29.36s +10◦21′07.3′′
89 HOBYS J063306.1 +102422 06h33m06.15s +10◦24′21.6′′
90 HOBYS J063209.5 +103119 06h32m09.51s +10◦31′18.7′′
91 HOBYS J063133.6 +103835 06h31m33.62s +10◦38′35.2′′
92 HOBYS J063252.2 +101738 06h32m52.18s +10◦17′38.1′′
93 HOBYS J063049.0 +102237 06h30m48.96s +10◦22′36.9′′
94 HOBYS J063302.3 +103117 06h33m02.28s +10◦31′16.9′′
95 HOBYS J063339.5 +102546 06h33m39.48s +10◦25′46.0′′
96 HOBYS J063104.7 +103740 06h31m04.69s +10◦37′39.5′′
97 HOBYS J063127.2 +102151 06h31m27.24s +10◦21′50.9′′
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98 HOBYS J063205.6 +102722 06h32m05.57s +10◦27′22.1′′
99 HOBYS J063050.9 +103912 06h30m50.91s +10◦39′12.2′′
100 HOBYS J063240.3 +102302 06h32m40.26s +10◦23′01.7′′
101 HOBYS J063256.6 +102357 06h32m56.59s +10◦23′56.8′′
102 HOBYS J063103.3 +105147 06h31m03.28s +10◦51′47.0′′
103 HOBYS J063042.1 +103618 06h30m42.06s +10◦36′17.8′′
104 HOBYS J063233.4 +100925 06h32m33.44s +10◦09′24.7′′
105 HOBYS J063151.0 +102931 06h31m51.04s +10◦29′30.8′′
106 HOBYS J063130.4 +103747 06h31m30.44s +10◦37′46.6′′
107 HOBYS J063122.5 +104148 06h31m22.51s +10◦41′47.9′′
108 HOBYS J063219.4 +102003 06h32m19.37s +10◦20′02.7′′
109 HOBYS J063258.4 +102505 06h32m58.39s +10◦25′05.2′′
110 HOBYS J063304.9 +103836 06h33m04.90s +10◦38′36.2′′
111 HOBYS J063124.0 +103933 06h31m23.97s +10◦39′33.2′′
112 HOBYS J063229.6 +101943 06h32m29.64s +10◦19′43.2′′
113 HOBYS J063348.4 +102636 06h33m48.44s +10◦26′35.8′′
114 HOBYS J063218.2 +103134 06h32m18.17s +10◦31′33.9′′
115 HOBYS J063237.7 +100713 06h32m37.74s +10◦07′13.2′′
116 HOBYS J063227.1 +102821 06h32m27.08s +10◦28′21.5′′
117 HOBYS J063055.7 +103845 06h30m55.66s +10◦38′44.6′′
118 HOBYS J063202.7 +101814 06h32m02.68s +10◦18′14.5′′
119 HOBYS J063209.0 +102555 06h32m09.03s +10◦25′55.2′′
120 HOBYS J063110.7 +103804 06h31m10.74s +10◦38′03.7′′
121 HOBYS J063316.5 +103832 06h33m16.50s +10◦38′31.6′′
122 HOBYS J063154.9 +103732 06h31m54.90s +10◦37′32.1′′
123 HOBYS J063231.4 +102516 06h32m31.42s +10◦25′15.5′′
124 HOBYS J063250.9 +104405 06h32m50.93s +10◦44′04.7′′
125 HOBYS J063120.8 +104014 06h31m20.79s +10◦40′13.9′′
126 HOBYS J063051.3 +104415 06h30m51.29s +10◦44′15.4′′
127 HOBYS J063040.9 +104647 06h30m40.89s +10◦46′47.4′′
128 HOBYS J063214.5 +103253 06h32m14.49s +10◦32′52.7′′
129 HOBYS J063139.2 +103040 06h31m39.15s +10◦30′39.8′′
130 HOBYS J063304.8 +103949 06h33m04.76s +10◦39′48.6′′
131 HOBYS J063206.9 +101616 06h32m06.92s +10◦16′16.0′′
132 HOBYS J063100.0 +104007 06h30m59.96s +10◦40′07.2′′
133 HOBYS J063136.9 +105419 06h31m36.87s +10◦54′19.5′′
134 HOBYS J063254.7 +102641 06h32m54.72s +10◦26′40.8′′
135 HOBYS J063202.8 +102628 06h32m02.80s +10◦26′27.6′′
136 HOBYS J063123.6 +104027 06h31m23.60s +10◦40′26.7′′
137 HOBYS J063114.8 +103202 06h31m14.78s +10◦32′01.8′′
138 HOBYS J063107.6 +102016 06h31m07.59s +10◦20′16.0′′
139 HOBYS J063246.2 +101334 06h32m46.22s +10◦13′33.6′′
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140 HOBYS J063250.9 +104513 06h32m50.89s +10◦45′13.0′′
141 HOBYS J063123.6 +104440 06h31m23.58s +10◦44′40.3′′
142 HOBYS J063232.3 +102710 06h32m32.29s +10◦27′10.3′′
143 HOBYS J063220.8 +103030 06h32m20.76s +10◦30′29.8′′
144 HOBYS J063349.9 +102448 06h33m49.90s +10◦24′48.1′′
145 HOBYS J063255.9 +103337 06h32m55.92s +10◦33′36.5′′
146 HOBYS J063147.7 +103035 06h31m47.73s +10◦30′35.4′′
147 HOBYS J063256.8 +103943 06h32m56.80s +10◦39′43.1′′
148 HOBYS J063145.4 +105014 06h31m45.37s +10◦50′13.9′′
149 HOBYS J063220.2 +102409 06h32m20.24s +10◦24′09.0′′
150 HOBYS J063334.3 +102834 06h33m34.32s +10◦28′34.5′′
151 HOBYS J063222.8 +103222 06h32m22.82s +10◦32′22.4′′
152 HOBYS J063246.4 +103450 06h32m46.44s +10◦34′50.3′′
153 HOBYS J063302.0 +104132 06h33m02.00s +10◦41′31.6′′
154 HOBYS J063137.9 +104414 06h31m37.87s +10◦44′14.4′′
155 HOBYS J063155.2 +110159 06h31m55.24s +11◦01′58.8′′
156 HOBYS J063241.2 +101601 06h32m41.24s +10◦16′00.8′′
157 HOBYS J063110.7 +102001 06h31m10.74s +10◦20′01.5′′
158 HOBYS J063103.8 +102839 06h31m03.78s +10◦28′38.6′′
159 HOBYS J063316.7 +102945 06h33m16.69s +10◦29′45.3′′
160 HOBYS J063127.3 +104827 06h31m27.32s +10◦48′27.2′′
161 HOBYS J063137.7 +102841 06h31m37.73s +10◦28′40.7′′
162 HOBYS J063404.0 +102952 06h34m04.03s +10◦29′51.9′′
163 HOBYS J063124.4 +102541 06h31m24.36s +10◦25′40.8′′
164 HOBYS J063258.3 +103629 06h32m58.34s +10◦36′29.5′′
165 HOBYS J063219.7 +103802 06h32m19.69s +10◦38′01.6′′
166 HOBYS J063040.8 +102540 06h30m40.80s +10◦25′40.4′′
167 HOBYS J063315.7 +102602 06h33m15.71s +10◦26′01.7′′
168 HOBYS J063056.4 +102752 06h30m56.38s +10◦27′52.2′′
169 HOBYS J063111.8 +103919 06h31m11.76s +10◦39′19.0′′
170 HOBYS J063252.8 +104012 06h32m52.77s +10◦40′12.3′′
171 HOBYS J063149.8 +104230 06h31m49.82s +10◦42′30.3′′
172 HOBYS J063155.2 +104726 06h31m55.25s +10◦47′26.2′′
173 HOBYS J063308.9 +102908 06h33m08.93s +10◦29′07.7′′
174 HOBYS J063104.5 +103523 06h31m04.51s +10◦35′22.6′′
175 HOBYS J063304.2 +104230 06h33m04.16s +10◦42′29.6′′
176 HOBYS J063142.0 +104253 06h31m42.02s +10◦42′53.1′′
177 HOBYS J063314.0 +102301 06h33m14.01s +10◦23′01.2′′
178 HOBYS J063135.6 +105612 06h31m35.58s +10◦56′12.4′′
179 HOBYS J063222.3 +105646 06h32m22.27s +10◦56′46.3′′
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Mon R1 22 µm Parameters
This contains: F22P and σ22P, the peak intensity and its uncertainty (in Jy/beam); F22T
and σ22T, the total flux density and its uncertainty (in Jy); A22, B22, and Θ22, the major
and minor axes (in arcseconds) and the axis orientation (in degrees).
# F22P ± σ22P F22T ± σ22T A22 B22 Θ22
1 2.93± 0.02 28.9± 0.3 32.3 31.7 62
2 0± 0.002 0± 0.05 15.4 12 176.5
3 0.606± 0.004 1.74± 0.09 17.5 13.1 0.3
4 0.137± 0.006 1.1± 0.4 16.4 14.4 21.1
5 0.4± 0.002 3± 2 17.4 14.8 14.6
6 0.157± 0.001 1.6± 0.6 16.6 15.9 41
7 2.867± 0.004 12.8± 0.1 18.4 17.5 42.4
8 0.02± 0.001 0.04± 0.04 15.3 13.4 26.6
9 0.049± 0.005 0.34± 0.1 12.2 12 67
10 0.061± 0.002 0.5± 0.2 16.3 14.7 28.9
11 0.39± 0.03 1.5± 0.2 24.3 19.2 23.8
12 0.001± 0.001 0± 0.03 15.6 12 53.7
13 – – 12 12 54.5
14 0.3± 0.04 0.7± 0.2 18.4 16.1 17.7
15 0.07± 0.04 0.1± 0.2 16.3 13.6 96.8
16 0.27± 0.04 1.3± 0.3 26.1 21.3 143.7
17 0.1± 0.3 0.2± 0.6 20 12 85.2
18 0.008± 0.002 0.01± 0.05 13.3 13.2 72.3
19 0.04± 0.01 0.3± 0.1 12 12 12.4
20 -0.006± 0.001 -0.11± 0.06 52.2 37.8 35.8
21 0.034± 0.002 0.07± 0.05 16.9 12 30.3
22 0.023± 0.006 0.17± 0.09 13.2 12 31.4
23 0.07± 0.01 0.7± 0.3 25.3 16.9 47.7
24 0± 0.03 0± 0.2 12 12 179.2
25 0.008± 0.002 0.07± 0.05 13.2 12 18.7
26 0± 0.004 0± 0.08 16.6 12 165.8
27 0± 0.002 0.04± 0.04 15.1 12 2.5
28 -0.01± 0.02 0± 0.2 29.6 12.3 13
29 0.0043± 0.0007 2.12± 0.04 97.8 38.7 37.6
30 0.002± 0.001 0.06± 0.05 40.8 30.9 53.8
31 -0.005± 0.002 -0.02± 0.05 32.7 13.3 31
32 0.038± 0.003 0.18± 0.06 22.6 12.9 60.2
33 -0.02± 0.02 -0.2± 0.2 37.9 32.2 67
34 0.004± 0.002 0.03± 0.04 20.9 12 40.2
35 0.001± 0.002 0± 0.05 25 12 94.4
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# F22P ± σ22P F22T ± σ22T A22 B22 Θ22
36 -0.001± 0.002 0.01± 0.05 44.9 22 54.5
37 0± 0.008 0± 0.1 30.7 28.6 74.5
38 0.004± 0.002 0.05± 0.06 26 19.7 99.5
39 0± 0.0007 0± 0.03 39.6 16.9 139.3
40 -0.001± 0.002 0± 0.06 45.6 23.8 18.8
41 0.004± 0.005 0.01± 0.08 27.6 13.9 88.2
42 0± 0.002 -0.03± 0.07 105 40.8 156.2
43 0± 0.001 0.01± 0.05 38.9 19.7 91.1
44 0.001± 0.001 0.01± 0.04 29.3 20.6 58.2
45 -0.0001± 0.0007 0± 0.03 31.1 18.9 105.4
46 0± 0.002 0± 0.08 41.2 30.7 117.7
47 0± 0.002 0± 0.07 74.7 36.5 120.6
48 0± 0.005 0± 0.1 54.2 51.1 139.7
49 -0.03± 0.004 -0.2± 0.09 44.2 16.4 23.9
50 0± 0.003 0± 0.06 23.3 16 1.2
51 0± 0.007 0± 0.1 30.5 18.1 39.1
52 0± 0.001 0± 0.08 83.8 77.7 173.8
53 0.003± 0.002 0.03± 0.07 36.9 28.6 142.1
54 0± 0.002 0± 0.05 64.4 12.3 65.5
55 -0.0003± 0.0009 0± 0.04 32 21.6 47.5
56 0± 0.004 0± 0.1 62.6 27.1 70.3
57 0.014± 0.003 0.09± 0.06 22.2 15.5 28.6
58 0.001± 0.001 -0.01± 0.07 65 54.6 136
59 0± 0.001 0± 0.05 40.2 30.8 35.6
60 0± 0.003 0± 0.1 62.1 32.5 2.2
61 0± 0.001 0± 0.05 34 18.6 86.1
62 0± 0.001 0± 0.06 74 35.4 20.3
63 0± 0.001 0± 0.05 58.3 36.7 141.7
64 -0.002± 0.004 0± 0.09 47.5 17.4 98.7
65 0± 0.04 3.6± 0.4 82.7 46.6 59.6
66 -0.0005± 0.0007 0± 0.04 67.2 14.7 169
67 0± 0.0009 0± 0.04 44.4 32 52.2
68 -0.0003± 0.0007 0± 0.03 29.3 16 149.9
69 0.003± 0.001 0.01± 0.04 19.4 14.8 60.3
70 -0.001± 0.003 -0.01± 0.09 65.6 31.1 4.8
71 0± 0.007 0± 0.1 75.7 12 176.8
72 -0.0003± 0.0007 0± 0.03 33.2 12 157.8
73 0.15± 0.05 0.8± 0.3 22.2 13.2 171.6
74 -0.001± 0.002 0.1± 0.1 87.4 82.6 80.3
75 0± 0.001 0± 0.04 41.3 14.9 60.2
76 -0.001± 0.001 -0.01± 0.07 62.7 30.4 66.4
77 0± 0.002 0± 0.07 49.4 46.5 145.9
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# F22P ± σ22P F22T ± σ22T A22 B22 Θ22
78 0± 0.01 0± 0.2 66 17.6 3.7
79 0.011± 0.002 0.5± 0.06 40.8 28 152
80 -0.001± 0.001 -0.02± 0.06 61.5 51.8 151.5
81 -0.0004± 0.0009 0± 0.03 18.1 12 111.3
82 -0.0005± 0.0005 0± 0.03 43.3 14.3 15.9
83 0± 0.003 0± 0.05 18.4 12.9 180
84 0± 0.003 -0.01± 0.1 65.8 30.6 115.4
85 0± 0.001 0± 0.05 12 12 46.8
86 0± 0.008 0± 0.2 59 46.5 28.7
87 0± 0.004 0± 0.09 31.7 27.7 27.7
88 0.0001± 0.0008 0± 0.03 44.9 13.7 28
89 0.001± 0.002 0.1± 0.08 97.9 67.8 179.5
90 0± 0.005 0± 0.1 63.1 29.6 84.7
91 0.001± 0.007 0± 0.2 94 70.1 28.4
92 -0.0002± 0.0008 0± 0.04 44.9 15.5 30.6
93 0.003± 0.007 0.1± 0.1 61.2 38.2 13
94 0± 0.001 0± 0.05 57.4 25.2 81.1
95 -0.0004± 0.0004 -0.02± 0.04 85 46.5 174.2
96 -0.004± 0.008 0± 0.2 51.9 35.1 83.1
97 0± 0.005 0± 0.1 54.1 47.4 159.8
98 0± 0.003 0± 0.08 43.4 31.9 48.9
99 0.001± 0.008 0± 0.1 33.7 27.9 156.9
100 0± 0.001 0± 0.06 85.1 22.2 72
101 0.001± 0.002 0.01± 0.07 49.4 35.9 100.6
102 0.001± 0.008 0± 0.2 59.8 25.3 99.2
103 0± 0.05 0.6± 0.4 60.4 19.2 66.5
104 -0.0014± 0.0007 -0.01± 0.03 33.6 23.5 129.6
105 0± 0.003 0± 0.07 31.3 23.7 55.1
106 0± 0.005 0± 0.1 68 39.2 85.1
107 0.001± 0.008 0± 0.2 58 54 31.5
108 0± 0.001 0± 0.04 35.8 22.7 10.9
109 0± 0.001 0± 0.05 38.9 26.4 161.7
110 0± 0.001 0± 0.06 51.7 29.8 55.2
111 0.001± 0.006 0± 0.1 37.3 31.2 96.8
112 0.005± 0.002 0.03± 0.05 27.4 20.6 167.1
113 0.0002± 0.0004 0.01± 0.04 59.5 52.8 135.7
114 -0.0006± 0.0006 -0.01± 0.04 61.9 26.8 22.6
115 -0.004± 0.002 -0.03± 0.06 45.4 24.4 85.6
116 0± 0.001 0± 0.08 94.8 78.4 171.7
117 0± 0.009 0± 0.1 20.6 15.8 55.1
118 0.004± 0.006 0.1± 0.2 71.4 65.7 37.9
119 0.001± 0.002 0.02± 0.08 69.6 44.5 19.3
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# F22P ± σ22P F22T ± σ22T A22 B22 Θ22
120 0± 0.002 0± 0.08 71.4 47.4 58.1
121 0.0007± 0.0007 0.01± 0.05 51.1 28.6 96.5
122 -0.001± 0.004 0± 0.09 43 24.4 98.6
123 0± 0.001 0± 0.05 28.8 25.2 12.7
124 -0.001± 0.001 -0.01± 0.06 44 28.2 107.5
125 0± 0.006 0± 0.1 46.9 32 173.4
126 0.006± 0.005 0.2± 0.1 85.5 43.4 169.3
127 0.2± 0.02 2.8± 0.2 56.1 18.6 0.2
128 0.002± 0.005 0.1± 0.2 83.8 78 38.5
129 0± 0.003 0± 0.08 61.2 16.7 22.2
130 0.002± 0.002 0.02± 0.06 32.1 29.3 149.1
131 -0.0004± 0.0007 -0.01± 0.06 93.7 60.1 6.1
132 0± 0.01 0± 0.2 67.6 59.9 149.8
133 0± 0.003 0± 0.07 45.7 14.3 169.5
134 -0.0001± 0.0008 0± 0.03 29.9 15.6 32.7
135 0.002± 0.004 0.03± 0.09 41.2 29.7 20.1
136 0± 0.01 0.1± 0.3 81.2 80 164.3
137 0.002± 0.009 0± 0.2 43.8 37.8 66.2
138 0.001± 0.006 0± 0.1 38.3 28.5 8.7
139 0.002± 0.002 0.04± 0.09 110 61.7 104.6
140 0± 0.001 0± 0.04 39.9 15.4 131.8
141 0± 0.005 0± 0.1 49.9 41.1 23.6
142 0.0002± 0.001 0± 0.05 46.4 39.5 26.5
143 0.0001± 0.0008 0± 0.04 53.3 28.4 148.3
144 0.0003± 0.0005 0± 0.04 65.9 47.4 27.6
145 0± 0.001 0± 0.05 29 16.7 48.8
146 0.001± 0.004 0.01± 0.08 27.2 21.9 67.4
147 0± 0.001 0.01± 0.05 48.4 29.4 134.9
148 0.001± 0.005 0± 0.1 85.7 62 61.7
149 0± 0.001 0± 0.05 38.3 29.5 158.7
150 0± 0.0003 0± 0.02 12 12 0
151 -0.0007± 0.0007 0± 0.04 42 25.2 7.6
152 0± 0.0008 0± 0.04 41.2 15.1 149.3
153 0± 0.001 0± 0.07 67.7 55.6 113.9
154 0± 0.003 0± 0.07 35.2 17.7 46.5
155 0± 0.002 0.01± 0.08 66.7 57.2 65.9
156 0.442± 0.001 2.7± 0.04 12 12 0
157 0.002± 0.008 0.1± 0.2 115 78.9 18.3
158 0.008± 0.009 0.1± 0.2 40.6 28.2 88.6
159 -0.0003± 0.0002 0± 0.02 80.2 18 39.4
160 0± 0.004 0± 0.09 63 39.9 14.4
161 -0.001± 0.004 0± 0.09 44.8 18.8 72.8
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# F22P ± σ22P F22T ± σ22T A22 B22 Θ22
162 0.001± 0.001 0.05± 0.08 83.3 65.5 170.8
163 0.001± 0.006 0± 0.1 34.8 27.8 178.3
164 0± 0.001 0± 0.05 51.9 38.8 155.5
165 0± 0.001 -0.01± 0.07 86.7 55 166.1
166 0.15± 0.02 2.1± 0.2 59.8 17.7 178.8
167 0± 0.0004 0± 0.03 31.8 23.4 74.1
168 0± 0.004 0± 0.09 44.7 18 91.7
169 0.001± 0.003 0.01± 0.09 43.5 35.6 28.4
170 0± 0.001 0± 0.05 53.8 33.7 169.5
171 0± 0.005 0± 0.2 89.1 73.5 177
172 0.001± 0.005 0± 0.2 98 79 162.7
173 0.001± 0.001 0.01± 0.05 58.7 40 93.1
174 0± 0.01 0± 0.2 64.5 50.4 107.3
175 -0.0004± 0.0008 0± 0.04 41.8 19.2 3.5
176 0± 0.004 0± 0.1 50.6 42.3 140.2
177 0± 0.0004 0± 0.03 59.3 30.4 125.9
178 0.001± 0.004 0± 0.1 54.9 40.8 163.6
179 0± 0.001 0± 0.05 50.6 12.4 73.7
70 µm Parameters
As for 22µm.
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
1 67.89± 0.09 113.7± 0.3 5.9 5.9 82
2 8.64± 0.01 9.12± 0.02 5.9 5.9 1.4
3 6.85± 0.01 9.28± 0.02 5.9 5.9 83.1
4 6.08± 0.01 7.27± 0.02 5.9 5.9 156
5 5.18± 0.01 5.72± 0.02 5.9 5.9 39.1
6 4.09± 0.02 4.26± 0.02 5.9 5.9 142
7 8.61± 0.05 53.9± 0.1 11.3 9.8 59.3
8 2.35± 0.01 2.65± 0.02 5.9 5.9 1.9
9 2.78± 0.01 3.08± 0.02 5.9 5.9 86.3
10 2.01± 0.01 1.9± 0.02 5.9 5.9 52.2
11 4.4± 0.1 50.2± 0.5 17.1 14.6 57.1
12 1.31± 0.01 1.52± 0.02 5.9 5.9 18
13 1.32± 0.01 1.81± 0.02 5.9 5.9 89.8
14 1.6± 0.1 4.9± 0.2 12.8 7.8 88.4
15 1.2± 0.1 4.6± 0.2 11.6 7.6 5.1
16 2.1± 0.2 23.1± 0.6 17.7 14.5 36.6
17 1.11± 0.06 11.6± 0.2 25.5 19.7 130
B.3. Mon R1 331
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
18 0.55± 0.01 0.59± 0.02 5.9 5.9 59.3
19 0.42± 0.01 0.51± 0.02 6 5.9 53.3
20 0.13± 0.01 −0.01± 0.06 19.8 13.5 119
21 0.47± 0.01 0.4± 0.02 5.9 5.9 100
22 0.27± 0.01 0.23± 0.01 5.9 5.9 130
23 0.35± 0.02 0.61± 0.02 8.2 6 27.7
24 0.32± 0.04 0.47± 0.04 8.4 7.8 8.5
25 0.17± 0.01 0.16± 0.02 5.9 5.9 80.2
26 0± 0.007 0± 0.02 19.3 5.9 32.7
27 0± 0.002 0.011± 0.005 18.8 13.2 75.9
28 0.031± 0.002 0.362± 0.007 29.3 25.6 151
29 0.036± 0.008 35.18± 0.07 81.6 60 70.3
30 0.011± 0.003 −0.28± 0.02 40 36.8 145
31 0.01± 0.01 −0.03± 0.02 26.8 8.2 102
32 −0.01± 0.01 −0.01± 0.02 16.3 10.4 89.9
33 0.02± 0.01 0.85± 0.06 42.3 31.5 77
34 – – 16.6 15.1 12.7
35 0.018± 0.002 0.034± 0.005 18.1 16.6 49.2
36 0.001± 0.007 −0.31± 0.03 53.5 27.1 77.2
37 −0.05± 0.02 −0.35± 0.05 36.7 7.4 30.7
38 0.002± 0.008 0.23± 0.02 31.8 24.9 152
39 0.009± 0.006 −0.29± 0.03 46.4 37 33.4
40 −0.005± 0.009 0± 0.04 46.9 25.2 37.1
41 0.009± 0.001 −0.163± 0.005 28.1 25.5 0.3
42 −0.014± 0.01 −0.03± 0.09 92.3 63.8 67.3
43 0.003± 0.007 0.26± 0.03 34.3 28.8 24.4
44 −0.02± 0.01 −0.39± 0.02 34.6 9.9 169
45 0.012± 0.004 −0.57± 0.02 37.2 36.4 88
46 0.001± 0.007 −0.08± 0.04 52.6 46.2 22.6
47 0.011± 0.006 0.09± 0.05 76 74.1 125
48 0.0186± 0.0008 −0.144± 0.005 54.1 49.9 123
49 −0.142± 0.003 −5.88± 0.01 47.6 22.7 30.8
50 −0.004± 0.008 0.04± 0.02 27 12.7 70.7
51 −0.02± 0.01 −0.01± 0.03 30 21.7 8.6
52 −0.012± 0.01 0.03± 0.08 78.7 51.6 42.8
53 0.013± 0.003 0.11± 0.02 45.8 43.7 96.3
54 0.005± 0.005 −0.26± 0.04 62.5 55.9 0.9
55 −0.03± 0.01 −0.08± 0.03 29.9 15.6 157
56 0.004± 0.007 0.12± 0.05 63.3 57.6 57.1
57 −0.03± 0.01 −0.01± 0.02 20.6 9.6 86.3
58 −0.007± 0.008 −0.01± 0.04 56 22.9 88.2
59 0.011± 0.005 0.16± 0.02 47.8 34 61.5
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# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
60 0.017± 0.006 0.43± 0.04 61.5 56.1 164
61 −0.02± 0.01 0± 0.05 39.8 34.3 74.3
62 0.006± 0.005 −0.5± 0.04 59.4 59 134
63 0.001± 0.008 0.22± 0.03 49.4 28.6 108
64 −0.02± 0.009 −0.59± 0.04 46.5 26.9 74.6
65 0.007± 0.007 −0.2± 0.06 81.3 73.6 153
66 −0.01± 0.01 0± 0.07 69.4 43.5 10.7
67 0± 0.008 0.05± 0.03 26 16.3 170
68 −0.009± 0.008 −0.01± 0.02 30.3 13.5 152
69 0.009± 0.007 0.04± 0.01 11.8 9.5 58
70 0.001± 0.008 0.47± 0.06 87.3 54.3 148
71 0.004± 0.007 −0.49± 0.05 68.4 60.2 68.2
72 −0.014± 0.009 −0.02± 0.02 30.4 12 21.2
73 0.012± 0.006 0.06± 0.02 33.1 31.2 159
74 −0.005± 0.009 0± 0.07 96.6 35.7 78.7
75 0.002± 0.007 0.03± 0.03 50.2 37.9 139
76 −0.003± 0.009 −0.12± 0.07 79.7 46.1 175
77 0.017± 0.003 0.57± 0.02 55.1 51.5 114
78 0.002± 0.008 −0.27± 0.06 69.8 50.5 92.8
79 −0.03± 0.01 0± 0.02 35.3 7.9 153
80 0.02± 0.004 0.1± 0.03 76.1 71.2 74.3
81 −0.03± 0.01 −0.01± 0.02 18 7.1 103
82 0.009± 0.005 0.08± 0.03 42.6 40.1 52.1
83 0.002± 0.008 0.03± 0.01 12.4 5.9 143
84 −0.003± 0.009 0.22± 0.06 61.1 42.1 149
85 0.004± 0.008 0.38± 0.03 40.6 29 96.7
86 −0.009± 0.009 −0.08± 0.04 52 22.4 44.5
87 0.001± 0.007 0.22± 0.02 39.3 6.3 63.6
88 0.003± 0.008 0.2± 0.03 35.1 21 140
89 −0.007± 0.009 −0.04± 0.09 84.2 66.8 114
90 0.02± 0.005 0.69± 0.04 64.8 61.5 135
91 0.01± 0.005 1.71± 0.06 85.2 85 106
92 0± 0.008 −0.02± 0.04 53.1 39.8 9.1
93 −0.013± 0.009 0.01± 0.05 49.8 33.5 178
94 0.003± 0.006 −0.27± 0.04 47.3 44.6 49.5
95 −0.02± 0.009 −0.03± 0.07 91.7 38.1 144
96 0.007± 0.006 0.12± 0.05 74 69.3 94.7
97 0.012± 0.003 −0.01± 0.02 60.5 56.6 169
98 −0.007± 0.009 0.07± 0.03 35.1 18.8 12.7
99 0± 0.008 −0.01± 0.02 32.8 19.1 19.2
100 0.002± 0.006 0.11± 0.06 102 80.1 25.7
101 0.017± 0.003 0.15± 0.02 52.4 49.7 104
B.3. Mon R1 333
# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
102 0.008± 0.003 −2.13± 0.02 71.9 63.4 41.3
103 0.004± 0.007 0.31± 0.04 56.5 45.6 46.9
104 0.018± 0.004 −0.01± 0.02 33.5 25.9 129
105 0.003± 0.007 0.02± 0.03 34.7 26.8 137
106 −0.011± 0.009 0.02± 0.06 66.7 36 48.5
107 0.01± 0.005 0.18± 0.04 66.2 60.8 134
108 −0.03± 0.01 0± 0.03 28.8 13.1 96.9
109 0± 0.007 0.02± 0.01 36.7 5.9 159
110 0.011± 0.005 −0.22± 0.03 51.6 48.1 85
111 0.031± 0.002 0.24± 0.01 43.4 42.5 93.8
112 −0.014± 0.01 0.01± 0.02 20.3 10.7 49.9
113 −0.02± 0.01 0.39± 0.05 58.9 25.5 13.8
114 0.016± 0.005 0.37± 0.04 70.1 66.8 136
115 0.06± 0.02 2.6± 0.1 43.8 34.5 14.8
116 0.002± 0.008 0.59± 0.07 105 75.1 127
117 0.005± 0.008 −0.07± 0.02 25 22.7 51.6
118 −0.003± 0.008 0.61± 0.07 74.2 52 115
119 0.005± 0.006 −0.12± 0.03 54.7 47.4 46.1
120 0.001± 0.007 0.29± 0.04 85 56.3 67.9
121 −0.008± 0.009 0± 0.06 64 45.8 174
122 0.012± 0.004 −0.14± 0.02 49.2 42.9 20.5
123 0.002± 0.008 0.4± 0.03 45.6 35.9 97
124 −0.013± 0.009 0.02± 0.06 54.8 47.8 30.7
125 −0.001± 0.008 0.38± 0.05 62.2 49.2 33.9
126 −0.002± 0.009 0.85± 0.08 71.3 63.8 174
127 0.012± 0.005 0.1± 0.03 65 49.2 41.8
128 −0.02± 0.01 0± 0.1 89.6 67.9 95.8
129 −0.007± 0.008 0.03± 0.06 62.4 45.1 150
130 0.003± 0.007 0.09± 0.03 36.8 29.6 144
131 0± 0.008 0.19± 0.06 151 56.2 73.8
132 0.005± 0.007 −0.23± 0.05 71.3 62.1 29.9
133 0.004± 0.007 0.08± 0.03 42.8 35.1 70.4
134 −0.02± 0.01 0.01± 0.03 26.5 10.3 78.6
135 −0.02± 0.01 −0.01± 0.03 41.4 15.8 109
136 −0.008± 0.009 0.48± 0.08 101 50.1 174
137 0.024± 0.005 0.62± 0.04 47.9 45.8 70.6
138 0.01± 0.004 0.01± 0.02 31 28 86.7
139 0.005± 0.008 1.69± 0.07 104 76.8 28.9
140 0.004± 0.006 −0.07± 0.03 41 35.1 58.5
141 −0.02± 0.01 −0.2± 0.05 45.2 25.5 73.9
142 0.005± 0.006 0.13± 0.03 46 37.1 123
143 0± 0.008 0.04± 0.04 69.6 36.4 150
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# F70P ± σ70P F70T ± σ70T A70 B70 Θ70
144 −0.02± 0.01 0.23± 0.06 57.2 38.1 83.7
145 0.006± 0.007 0.06± 0.03 33.9 25.1 56.6
146 −0.008± 0.008 0± 0.02 32.4 8 172
147 0± 0.007 0.01± 0.03 39.8 36.5 42.5
148 −0.003± 0.009 0.13± 0.05 69.9 28.7 12.2
149 0.008± 0.004 −0.04± 0.01 39.3 31.9 80
150 0.034± 0.002 −0.14± 0.01 45.2 38.3 26.4
151 0.009± 0.005 −0.06± 0.04 53.3 51.9 120
152 −0.008± 0.009 −0.01± 0.03 41.6 17.7 150
153 −0.04± 0.01 −0.18± 0.06 54.4 22.3 60.6
154 −0.03± 0.01 0.01± 0.03 31.3 7.4 167
155 −0.02± 0.01 −0.34± 0.06 66.8 23.5 119
156 0.003± 0.007 −0.12± 0.02 28.8 23.3 127
157 0.021± 0.005 0.8± 0.06 110 95.1 26.7
158 0.02± 0.03 1.6± 0.2 54.6 50 167
159 0.009± 0.005 0.84± 0.06 85.8 81.2 135
160 0± 0.008 0.06± 0.04 39.4 31.7 107
161 0.017± 0.004 0.49± 0.02 48.4 46 122
162 0.002± 0.008 0.11± 0.07 94 76.2 145
163 0.014± 0.002 0.325± 0.006 32.8 31.1 127
164 0.015± 0.004 0.33± 0.02 42.4 37.3 122
165 0.001± 0.008 −0.23± 0.08 76.9 68.1 54.6
166 −0.015± 0.009 −0.02± 0.04 64.5 16.2 40.5
167 −0.008± 0.009 0.02± 0.05 44 32.8 8.4
168 0.02± 0.02 0.7± 0.1 59.7 54.6 35
169 0.0299± 0.0009 0.194± 0.005 47.3 44.6 82.3
170 0.005± 0.007 0.37± 0.04 53 48.5 139
171 −0.01± 0.01 −0.03± 0.08 83 48.6 41.2
172 0.016± 0.006 1.71± 0.06 89.5 87.1 39.5
173 −0.008± 0.008 0.01± 0.04 54.5 32.7 88
174 0.01± 0.005 −0.03± 0.04 63.6 61.9 160
175 −0.015± 0.01 0.01± 0.05 42.5 34.1 121
176 0.007± 0.006 −0.42± 0.04 54.3 47.9 128
177 0.008± 0.005 0.4± 0.02 42.7 37 55.4
178 0.036± 0.003 0.01± 0.02 49.5 40.7 2.3
179 0.0233± 0.0006 0.152± 0.004 54.1 53.2 34.5
160 µm Parameters
As for 22µm.
B.3. Mon R1 335
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
1 33.3± 0.3 62.2± 0.7 12.7 11.7 172
2 8.35± 0.05 9.57± 0.08 11.7 11.7 91.2
3 11.16± 0.08 15.8± 0.1 11.7 11.7 150
4 8.24± 0.06 9.56± 0.1 11.7 11.7 45.6
5 4.9± 0.03 6.31± 0.06 11.7 11.7 103
6 5.81± 0.04 6.09± 0.07 11.7 11.7 103
7 5.3± 0.3 14.3± 0.5 26.1 13.6 169
8 2.72± 0.09 2.42± 0.09 11.7 11.7 72.8
9 4.22± 0.04 5.42± 0.07 11.7 11.7 108
10 2.73± 0.03 2.47± 0.05 11.7 11.7 112
11 8.8± 0.6 25± 0.8 19.1 14.5 93.3
12 8.92± 0.09 6.93± 0.09 11.7 11.7 98.5
13 2.57± 0.05 5.47± 0.09 13.5 11.7 110
14 3.5± 0.5 5.7± 0.5 14.3 11.7 88.2
15 4.1± 0.6 11.1± 1 17.3 14.6 122
16 5.9± 0.5 21± 1 22.5 15.8 27.8
17 6± 0.4 11.8± 0.4 17.1 12.7 36.6
18 1.65± 0.07 1.5± 0.07 11.7 11.7 83.5
19 0.5± 0.06 0.46± 0.06 11.7 11.7 127
20 1.2± 0.4 3± 1 52 11.7 88.3
21 0.46± 0.06 0.55± 0.07 13.2 11.7 36.3
22 0.29± 0.03 0.24± 0.03 11.7 11.7 180
23 1.44± 0.05 2.53± 0.07 13.5 11.7 99
24 2.6± 0.6 3.4± 0.6 12.8 11.7 16.2
25 0.46± 0.08 0.5± 0.08 11.7 11.7 122
26 0.21± 0.07 0.62± 0.1 31.9 12.1 141
27 0± 0.03 0.02± 0.03 17.8 11.7 101
28 0.21± 0.03 2.64± 0.04 32.1 25.1 40.7
29 1.2± 0.2 28± 0.8 52.2 39.1 136
30 0.18± 0.03 1.6± 0.06 38.3 30.7 62.3
31 0.3± 0.3 0.6± 0.4 22.4 14.5 84.9
32 0.25± 0.03 1.05± 0.03 21 13.2 52.7
33 0.7± 0.2 4.1± 0.3 29.3 16.5 73.2
34 0.74± 0.06 2.83± 0.07 27.3 16.4 54.3
35 0.44± 0.06 0.48± 0.06 14.4 11.7 86.5
36 0.11± 0.04 0.82± 0.09 38.9 29.9 131
37 1.8± 0.6 7.2± 0.8 31.6 12.2 9.1
38 0.08± 0.03 0.62± 0.04 31.1 26.6 58.6
39 0.09± 0.03 0.81± 0.06 37 27.6 163
40 0.05± 0.03 0.53± 0.07 45.4 38.8 168
41 0.27± 0.04 0.78± 0.05 25.6 15.2 70
42 0.11± 0.03 2± 0.1 68.9 48.1 14.1
336 Appendix B. Core Catalogues
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
43 0.08± 0.03 0.23± 0.05 33.1 20 100
44 0.18± 0.03 2.87± 0.06 44.7 30.5 72.3
45 0.2± 0.05 2.6± 0.1 50.7 29.9 115
46 0.11± 0.02 0.58± 0.06 36 26.2 154
47 0.12± 0.03 1.3± 0.1 58.4 43.9 169
48 0.31± 0.03 2.52± 0.09 31.6 23.9 117
49 0.7± 0.3 6± 0.8 39.3 22 98.5
50 0.22± 0.06 0.49± 0.09 17.2 12.3 136
51 0.01± 0.02 −0.12± 0.03 37.6 23.3 75.3
52 0.07± 0.03 2± 0.1 80.7 61.3 180
53 0.07± 0.02 0.41± 0.05 51.5 27.4 23.2
54 0.09± 0.04 1.5± 0.1 64.3 38.8 43.2
55 0.15± 0.03 0.41± 0.06 21.7 20.4 94.9
56 0.11± 0.02 0.56± 0.06 49.7 31.3 62.8
57 0.24± 0.03 1.31± 0.03 25.7 18.5 125
58 0.11± 0.03 1.63± 0.09 55.5 44.7 7.2
59 0.18± 0.04 1.81± 0.1 36.4 29 6.5
60 0.09± 0.02 1.19± 0.07 53.2 48.7 56.2
61 0.22± 0.03 1.07± 0.07 29.2 19.5 21.5
62 0.15± 0.04 4.8± 0.1 61.6 52.4 137
63 0.16± 0.03 0.85± 0.06 34.1 20.5 175
64 0.15± 0.03 1.62± 0.09 47.2 37.2 17.8
65 0.063± 0.007 2.36± 0.03 79.6 62.1 20.8
66 0.09± 0.03 1.1± 0.08 64.2 28.5 141
67 0.02± 0.02 0.24± 0.04 30.7 25.4 85.8
68 0.08± 0.03 0.24± 0.05 25.5 21.7 49.9
69 0.34± 0.03 1.02± 0.03 22.2 15.1 68.4
70 0.12± 0.03 3.3± 0.1 69.3 56.1 27.4
71 0.11± 0.04 2.9± 0.1 64.4 54.8 178
72 0.07± 0.03 0.25± 0.04 27.4 20.2 66.3
73 0.11± 0.02 0.51± 0.03 29.4 23 175
74 0.18± 0.02 8.2± 0.1 96.3 66.8 25.1
75 0.06± 0.03 0.54± 0.06 39.1 28.2 59.2
76 0.09± 0.04 1.2± 0.1 74.8 23.4 126
77 0.17± 0.03 1.09± 0.09 36 22.8 128
78 0.07± 0.02 1.04± 0.05 67.3 48.5 164
79 0.12± 0.03 2.81± 0.06 40 32.2 24.7
80 0.19± 0.02 2.24± 0.08 49.4 29.5 160
81 0.14± 0.03 0.22± 0.03 13.7 12.2 25
82 0.06± 0.06 0.8± 0.1 41.3 27.7 61.9
83 0.08± 0.03 0.09± 0.03 17.3 12.5 145
84 0.06± 0.02 1.69± 0.08 65 59.7 67.3
B.3. Mon R1 337
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
85 0.09± 0.03 0.55± 0.06 35.1 23.7 115
86 0.05± 0.02 0.72± 0.06 58.6 50.3 95
87 0.1± 0.03 0.55± 0.06 26.3 19.5 10.4
88 0.08± 0.02 0.64± 0.04 37.1 26.3 39.9
89 0± 0.02 1.79± 0.1 112 72.8 172
90 0.01± 0.01 0.42± 0.05 64 52.3 29.2
91 0.16± 0.04 2.7± 0.2 65.6 38.1 24.7
92 0.15± 0.02 1.46± 0.06 33.9 27.2 157
93 0.31± 0.04 1.48± 0.09 37.9 13 99.6
94 0.1± 0.03 1.69± 0.09 46.6 43.3 78.8
95 0.12± 0.04 1.9± 0.1 86.9 26.5 47.9
96 0.1± 0.02 2.28± 0.1 72.6 52.5 77.3
97 0.14± 0.03 1.5± 0.1 45.4 30.6 66.3
98 0.09± 0.03 0.5± 0.06 40.4 25.5 137
99 0± 0.02 0.07± 0.03 33.6 21.2 151
100 0.12± 0.02 1.3± 0.1 70.6 68.2 97.8
101 0.29± 0.03 2.56± 0.1 34.4 28 30.1
102 0.08± 0.01 0.9± 0.04 61.2 48.2 77
103 0.11± 0.02 1.57± 0.07 53.7 42.4 24.1
104 0.3± 0.1 1.1± 0.2 30 13.2 53.7
105 0.05± 0.02 0.24± 0.04 33.4 27.8 155
106 0.09± 0.03 1± 0.1 52.2 38.1 151
107 0.17± 0.04 3.2± 0.2 48.9 41.3 132
108 0.07± 0.02 0.41± 0.04 28.3 26.2 90.3
109 0.1± 0.03 0.37± 0.05 38.8 19.9 175
110 0.05± 0.03 0.26± 0.09 53.9 45.8 24
111 0.01± 0.03 0.05± 0.09 34.5 29.1 42.5
112 0.05± 0.02 0.26± 0.03 30 18.9 109
113 0.11± 0.04 1.56± 0.1 55.7 31.5 138
114 0.07± 0.02 1.3± 0.07 60.2 47.4 73.9
115 0.5± 0.1 3.8± 0.3 37.7 21 32.1
116 0.1± 0.03 1.9± 0.2 72.7 59.1 6.1
117 0.1± 0.05 0.19± 0.06 20.6 14.1 21.9
118 0.14± 0.03 4.9± 0.1 70.4 62.8 6.1
119 0.09± 0.03 0.81± 0.08 48.5 37.5 144
120 0.07± 0.02 1.4± 0.07 61.5 46.4 89.1
121 0.14± 0.03 2.71± 0.09 50.1 40.3 25.1
122 0.06± 0.02 0.77± 0.05 42.1 37.2 157
123 0.08± 0.03 0.46± 0.06 35.6 25.4 4.4
124 0.02± 0.02 0.84± 0.07 63.5 57.8 160
125 0.04± 0.02 0.58± 0.06 48.2 33.2 93.4
126 – – 79.3 67.1 38.9
338 Appendix B. Core Catalogues
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
127 0.04± 0.01 0.45± 0.04 67 41.5 41
128 0.08± 0.02 1.9± 0.1 79.5 65.5 48.2
129 0.12± 0.02 1.53± 0.06 56.3 31.1 135
130 0.03± 0.02 0.13± 0.04 35.8 33.6 101
131 0.06± 0.03 2.4± 0.1 90.4 77.5 26.6
132 0.1± 0.02 1.35± 0.08 58.8 36.5 59.8
133 0.062± 0.01 0.39± 0.02 30.4 22.1 65.9
134 0.04± 0.02 0.17± 0.03 31.9 23.4 160
135 0.08± 0.03 0.69± 0.07 43.6 27.7 125
136 0.14± 0.04 5.8± 0.2 79.4 66.2 88.7
137 0.09± 0.02 0.65± 0.06 35.3 29.5 144
138 0.25± 0.05 1.2± 0.1 28.1 22.4 88.6
139 0.31± 0.05 16.2± 0.2 98.3 70.6 106
140 0.1± 0.03 0.74± 0.07 38.2 28 170
141 0.08± 0.03 1.01± 0.07 46.4 38.6 162
142 0.11± 0.03 0.64± 0.06 33.8 24.9 65
143 0.08± 0.02 0.53± 0.06 44.1 32.6 114
144 0.08± 0.01 1.05± 0.03 56.9 38.7 28.2
145 0.09± 0.03 0.35± 0.06 26.9 24.6 75.1
146 0.09± 0.02 0.19± 0.03 28 20.1 113
147 0.08± 0.03 0.78± 0.05 40.6 30.7 41.6
148 0.07± 0.02 0.87± 0.05 67.9 49.1 176
149 0.07± 0.02 0.33± 0.03 36.3 26.2 136
150 0.07± 0.03 0.4± 0.07 23.8 20.9 38.4
151 0.1± 0.02 0.64± 0.05 50.6 35.4 1
152 0.13± 0.03 0.67± 0.07 34.5 27 93.4
153 0.04± 0.02 0.99± 0.06 57.4 54.7 122
154 0.04± 0.02 0.21± 0.03 37.3 29.1 125
155 0.04± 0.01 0.66± 0.05 65.3 58.5 139
156 0.08± 0.03 0.56± 0.05 37.9 22.5 130
157 0.24± 0.03 4± 0.1 61.3 30.4 145
158 0.17± 0.08 2± 0.2 51.4 28.7 129
159 0.03± 0.02 0.5± 0.1 93.9 78.6 4.7
160 0.07± 0.02 1.06± 0.06 47 43 173
161 0.05± 0.03 1.03± 0.08 55.6 50 108
162 0.15± 0.04 4.6± 0.2 68 57.4 5.2
163 0.09± 0.03 0.38± 0.05 32.6 20.5 69.8
164 0.09± 0.03 0.28± 0.06 31 21.5 59.6
165 0.06± 0.02 1.32± 0.1 79.8 56.7 61.9
166 0.15± 0.02 1.45± 0.06 56 27 146
167 0.01± 0.02 0.11± 0.05 36.9 32.2 50.8
168 0.09± 0.02 0.98± 0.08 62.2 48 21.6
B.3. Mon R1 339
# F160P ± σ160P F160T ± σ160T A160 B160 Θ160
169 0.09± 0.03 0.83± 0.08 38.7 31.9 128
170 0.07± 0.02 1.53± 0.06 54.5 44.7 1
171 0.11± 0.03 2.7± 0.2 81.9 73.2 64.6
172 0.14± 0.04 3.9± 0.2 70.2 53 18.3
173 0.02± 0.02 0.61± 0.06 54.1 50 44.7
174 0.13± 0.03 2.18± 0.09 56.8 41.7 43
175 0.09± 0.02 0.71± 0.05 43.1 29.1 35.2
176 0.04± 0.02 0.27± 0.07 52.4 47.1 51.6
177 0.09± 0.03 0.38± 0.07 28 26 145
178 – – 45.8 40 137
179 0.03± 0.01 −0.15± 0.05 49.2 48.2 54.3
250 µm Parameters
As for 22µm.
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
1 19.1± 0.4 29.4± 0.6 19.1 18.2 62.4
2 5.5± 0.1 5.5± 0.2 18.2 18.2 156
3 13.3± 0.3 14.3± 0.3 18.7 18.2 166
4 6.7± 0.2 7.9± 0.1 19 18.2 157
5 4.3± 0.1 4.3± 0.1 18.2 18.2 92.1
6 5.5± 0.3 5± 0.3 18.2 18.2 180
7 4.6± 0.5 14.1± 0.7 35.2 26.2 164
8 2.3± 0.2 3± 0.2 23.1 18.2 134
9 3.94± 0.1 6.8± 0.2 18.2 18.2 62.5
10 2.9± 0.1 3± 0.1 18.2 18.2 168
11 8.5± 0.8 14.1± 0.7 23.7 21 103
12 7.9± 0.3 7± 0.3 18.2 18.2 159
13 3.1± 0.1 6± 0.1 23.2 20.9 131
14 3± 0.8 7± 1 29.2 24.9 8
15 4.3± 0.8 4.4± 0.7 18.2 18.2 129
16 2.7± 0.7 4.8± 0.8 33 18.9 44.9
17 6.4± 0.5 11.9± 0.6 32.3 18.4 82
18 1.6± 0.1 1.58± 0.09 18.2 18.2 112
19 0.7± 0.3 0.8± 0.3 18.6 18.4 21.6
20 2.4± 0.8 5± 1 35.6 18.2 156
21 0.9± 0.3 1± 0.3 21.5 18.2 13.3
22 0.36± 0.08 0.4± 0.07 23.8 18.2 25.1
23 1.8± 0.1 2.1± 0.1 18.8 18.2 177
24 1.5± 0.8 1.6± 0.7 19.4 18.2 10.7
340 Appendix B. Core Catalogues
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
25 1.01± 0.1 1.12± 0.09 21.8 18.2 120
26 1.4± 0.1 7.9± 0.3 51.5 29.9 32.7
27 1.4± 0.2 1.4± 0.2 18.2 18.2 69.1
28 1.2± 0.3 4.7± 0.6 43.1 28.1 71.3
29 2± 0.7 7± 1 55 18.2 141
30 0.9± 0.2 1.3± 0.3 23.7 18.6 83.7
31 2.4± 0.9 3.1± 0.8 22.5 18.2 12.2
32 1.89± 0.1 3.42± 0.09 20.6 18.8 33.5
33 2± 0.5 4.1± 0.6 28.2 18.2 77.8
34 2.39± 0.09 5.15± 0.08 34 21.9 58.1
35 0.8± 0.3 0.9± 0.3 21.9 18.2 68.5
36 0.9± 0.1 2± 0.1 35.9 18.2 133
37 4± 1 7± 1 35.7 18.2 6.7
38 0.8± 0.2 1.1± 0.2 19.5 18.2 43.5
39 0.6± 0.2 1.3± 0.2 42.7 18.2 180
40 0.6± 0.1 1.2± 0.1 31.3 18.8 127
41 1.6± 0.1 3.1± 0.3 22.9 19.3 61.1
42 0.9± 0.2 5± 0.6 47.4 37.7 27.9
43 0.6± 0.2 1.3± 0.2 26.2 23.1 11.6
44 1.14± 0.09 5.37± 0.1 39.6 32.7 82.8
45 0.5± 0.2 0.8± 0.2 33.2 18.2 9.3
46 0.51± 0.03 1.28± 0.05 27.1 21.4 156
47 0.6± 0.2 3.6± 0.4 46.5 34.9 144
48 0.98± 0.1 3± 0.2 29.4 23.8 115
49 2± 0.5 7.7± 0.9 35.5 29 128
50 0.98± 0.1 3.7± 0.2 43.8 24.4 79.8
51 0.4± 0.09 0.48± 0.09 19.9 18.2 64.7
52 0.53± 0.08 2.9± 0.2 55.3 28.6 171
53 0.5± 0.1 0.9± 0.1 29.2 18.2 135
54 0.5± 0.1 1.7± 0.2 38.1 24.2 61.9
55 0.6± 0.2 0.8± 0.2 20.3 18.3 25.4
56 0.4± 0.1 1.5± 0.2 49.7 21.9 57
57 1.82± 0.09 4.02± 0.08 28.2 21.6 61
58 0.5± 0.1 1.8± 0.2 47.5 26.8 10.4
59 0.4± 0.1 0.8± 0.2 31.3 18.2 30.1
60 0.5± 0.1 2.2± 0.2 40.4 33.8 167
61 0.7± 0.1 1.3± 0.1 27.3 18.2 13.9
62 0.5± 0.1 3.1± 0.3 50.2 37.9 107
63 0.7± 0.06 1.78± 0.09 30.9 23 165
64 1.1± 0.1 4.5± 0.2 39.9 29 66.4
65 0.59± 0.08 4.2± 0.2 48.3 37.6 10.8
66 0.7± 0.06 3.6± 0.1 43.1 33.8 164
B.3. Mon R1 341
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
67 0.4± 0.2 0.7± 0.2 25.8 19.7 160
68 0.5± 0.2 0.5± 0.2 20.4 18.2 21.6
69 1.78± 0.09 2.58± 0.08 27.1 19.3 158
70 0.86± 0.06 6± 0.1 48.2 39.9 14.3
71 0.5± 0.1 1.6± 0.1 46.6 21.1 8.9
72 0.3± 0.1 0.4± 0.1 18.9 18.2 61.1
73 0.4± 0.1 0.6± 0.1 25.1 18.2 172
74 0.8± 0.2 4.4± 0.4 49.6 27.9 87.6
75 0.6± 0.1 1.5± 0.2 28.9 23.8 114
76 0.8± 0.1 7.1± 0.3 56.4 45.9 28.2
77 0.62± 0.09 1.7± 0.1 26.9 22.6 134
78 0.19± 0.08 1± 0.1 57.1 24.5 151
79 1± 0.1 7.3± 0.1 43.5 30.7 173
80 0.68± 0.07 3± 0.1 46 24.9 179
81 0.49± 0.1 0.54± 0.09 18.6 18.2 65
82 0.6± 0.1 1.7± 0.2 36.8 25.7 88.9
83 0.27± 0.1 0.33± 0.08 23 18.2 145
84 0.47± 0.03 2.22± 0.07 39.1 30.9 22.2
85 0.4± 0.1 0.7± 0.1 25.7 18.2 140
86 0.3± 0.1 1.1± 0.2 50.6 19.6 121
87 0.6± 0.1 1.2± 0.1 26.8 18.2 170
88 0.3± 0.1 0.4± 0.1 25.8 18.2 150
89 0.39± 0.08 2.5± 0.2 54.7 35.4 63.5
90 0.19± 0.06 1± 0.1 48.3 32 86.5
91 0.6± 0.1 2.7± 0.3 40.9 28.4 8.6
92 0.6± 0.1 1.5± 0.1 37.7 19.6 89.2
93 0.83± 0.09 2.1± 0.1 35.2 18.7 95.3
94 0.4± 0.1 1.2± 0.2 29.6 25.2 35.8
95 0.75± 0.03 3.66± 0.09 37.4 29.6 19.8
96 0.31± 0.09 1.6± 0.2 39.9 29.8 83.2
97 0.51± 0.1 1.6± 0.2 32.8 22.3 46.5
98 0.4± 0.1 0.8± 0.1 33.1 18.2 152
99 0.3± 0.1 0.36± 0.1 24.6 18.2 126
100 0.33± 0.08 1.4± 0.2 72.5 24.6 150
101 0.7± 0.08 2.2± 0.1 32 24.7 28.3
102 0.37± 0.03 0.84± 0.05 27.1 21.5 94.6
103 0.5± 0.1 1.9± 0.2 39.9 29.2 25.5
104 0.9± 0.4 1.6± 0.4 32.8 18.2 50.5
105 0.35± 0.07 0.51± 0.07 26.4 18.2 137
106 0.4± 0.09 1.5± 0.2 42 25.8 13.3
107 0.59± 0.04 3.33± 0.08 45.7 32.3 132
108 0.24± 0.07 0.36± 0.06 32.6 18.2 4.3
342 Appendix B. Core Catalogues
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
109 0.3± 0.06 0.51± 0.07 27.3 18.2 20.7
110 0.29± 0.05 0.68± 0.06 34.9 19.3 43.4
111 0.34± 0.08 0.9± 0.1 31 24.3 64.3
112 0.2± 0.1 0± 0.09 18.2 18.2 142
113 0.67± 0.07 3.7± 0.1 42.8 35.1 143
114 0.34± 0.08 2.2± 0.2 51.6 39 174
115 0.7± 0.2 1.9± 0.3 42.1 19 23.1
116 0.7± 0.1 5.4± 0.4 54.6 45.9 10.7
117 0.4± 0.1 0.8± 0.1 24.7 18.2 111
118 0.34± 0.1 3.4± 0.2 64.7 47 117
119 0.39± 0.08 1.4± 0.1 35.3 31.5 31.5
120 0.3± 0.1 2± 0.2 50.6 30.4 66.8
121 0.39± 0.05 1.18± 0.09 40.6 21.2 20.5
122 0.29± 0.05 0.69± 0.07 26.7 23.8 74.8
123 0.27± 0.08 0.41± 0.1 20.3 18.8 44.2
124 0.25± 0.06 0.77± 0.09 42.5 22.5 163
125 0.48± 0.05 1.55± 0.08 36.9 23.3 84.9
126 0.3± 0.05 2.2± 0.1 53.2 36.5 24.4
127 0.34± 0.04 0.88± 0.09 36.1 29.8 4.9
128 0.36± 0.05 3.2± 0.1 62.1 44 156
129 0.45± 0.05 1.75± 0.1 36.8 26.9 120
130 0.23± 0.03 0.38± 0.04 29.6 18.2 131
131 0.4± 0.2 3.6± 0.5 66.5 48.7 174
132 0.3± 0.1 2.1± 0.2 51.5 39.5 34.6
133 0.18± 0.07 0.42± 0.09 27.6 24.2 139
134 0.27± 0.06 0.44± 0.05 27.8 19.7 53.3
135 0.31± 0.1 0.7± 0.1 32.2 19.7 115
136 0.64± 0.08 6.8± 0.3 54.4 47.6 161
137 0.36± 0.04 1.09± 0.09 28.3 25.8 176
138 0.45± 0.1 0.8± 0.1 24.5 20.1 61.6
139 0.4± 0.1 4.7± 0.3 73 56.6 27.8
140 0.2± 0.09 0.37± 0.09 30.2 18.2 6.4
141 0.18± 0.06 0.48± 0.08 43.1 19 164
142 0.3± 0.1 0.7± 0.2 28.1 23.4 174
143 0.17± 0.07 0.48± 0.09 46.2 22.4 124
144 0.3± 0.03 0.97± 0.04 45 22.9 43.4
145 0.26± 0.1 0.4± 0.1 25.4 18.2 132
146 0.19± 0.04 0.24± 0.04 23.2 18.2 87.9
147 0.18± 0.07 0.36± 0.08 33.6 18.2 50.7
148 0.23± 0.05 0.75± 0.08 44 20.9 157
149 0.28± 0.08 0.72± 0.09 32.8 25.8 108
150 0.4± 0.08 0.6± 0.1 20.9 18.2 13.1
B.3. Mon R1 343
# F250P ± σ250P F250T ± σ250T A250 B250 Θ250
151 0.29± 0.06 1.1± 0.1 38.6 33.6 6.5
152 0.25± 0.04 0.44± 0.04 30.3 18.5 19.9
153 0.17± 0.07 1.2± 0.1 48.5 42.5 141
154 0.17± 0.03 0.32± 0.03 33 19.3 120
155 0.164± 0.008 1.08± 0.01 59.5 33.8 129
156 0.2± 0.07 0.27± 0.07 27.5 18.2 161
157 0.42± 0.09 3.1± 0.3 64.6 33 145
158 0.3± 0.1 0.9± 0.2 54.2 18.2 128
159 0.25± 0.04 1.51± 0.09 61.6 32 4.6
160 0.25± 0.1 0.8± 0.1 37.8 25.3 44.2
161 0.27± 0.07 0.75± 0.09 37.9 22.2 89
162 0.3± 0.1 3.5± 0.3 73.9 52.9 16.8
163 0.26± 0.06 0.34± 0.06 23.7 18.2 75.2
164 0.19± 0.07 0.36± 0.09 28.1 20.1 69.5
165 0.16± 0.03 1.13± 0.08 60.3 40.8 153
166 0.26± 0.04 1.21± 0.08 39.3 31.1 132
167 0.09± 0.04 0.25± 0.06 28.4 24.6 49.1
168 0.17± 0.04 0.54± 0.06 55.1 22.4 147
169 0.3± 0.1 1± 0.1 42.1 26.4 73.8
170 0.24± 0.08 1.1± 0.1 38.1 35.1 167
171 0.26± 0.04 2.24± 0.08 82.8 44 73.4
172 0.25± 0.08 1.9± 0.2 56.8 40.7 14.9
173 0.18± 0.02 0.91± 0.03 49.4 30.3 59.5
174 0.28± 0.08 1.7± 0.2 48.9 38.4 40.1
175 0.3± 0.1 1.1± 0.1 40.9 26.4 31.2
176 0.18± 0.04 0.6± 0.05 44.5 25.1 83.2
177 0.25± 0.1 0.7± 0.1 29.9 23.1 35.8
178 0.21± 0.07 0.8± 0.1 36.9 29.8 42.4
179 0.12± 0.02 0.32± 0.03 48.7 33.6 37.5
350 µm Parameters
As for 22µm.
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
1 9.7± 0.4 12.8± 0.5 25.4 24.9 23.8
2 2.8± 0.2 2.4± 0.2 24.9 24.9 122
3 8.1± 0.5 8.6± 0.4 24.9 24.9 128
4 3.7± 0.2 4.4± 0.2 26.2 24.9 172
5 2.7± 0.2 2.4± 0.2 24.9 24.9 111
6 4± 0.5 3.8± 0.5 24.9 24.9 26.5
344 Appendix B. Core Catalogues
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
7 3.3± 0.1 12.9± 0.2 51.7 38.2 13
8 1.8± 0.4 1.9± 0.5 24.9 24.9 21.4
9 2.9± 0.1 5.2± 0.3 29.6 24.9 77.2
10 2.3± 0.2 2.5± 0.2 24.9 24.9 164
11 4.5± 0.6 5.6± 0.6 25.9 24.9 32.2
12 5± 0.5 4.7± 0.5 24.9 24.9 146
13 2.6± 0.2 4.4± 0.2 32.6 25.4 110
14 1.7± 0.7 1.8± 0.6 26.2 24.9 147
15 2.7± 0.6 4.2± 0.6 30.9 24.9 149
16 1.3± 0.6 1.7± 0.5 32.4 24.9 44.3
17 4.6± 0.4 5.3± 0.5 24.9 24.9 66.9
18 1± 0.2 1.5± 0.2 34.3 24.9 97.2
19 0.8± 0.4 1.1± 0.3 28.4 25.2 12.7
20 3.8± 0.8 7± 1 36.8 26.1 15.4
21 1.2± 0.5 1.3± 0.5 24.9 24.9 48.2
22 0.4± 0.1 0.4± 0.1 29.7 24.9 19.6
23 1.1± 0.2 1.2± 0.2 24.9 24.9 171
24 3.5± 0.7 5.2± 0.6 33.7 24.9 0.6
25 1.3± 0.2 2.5± 0.2 40.4 26.5 121
26 2.16± 0.09 10.5± 0.2 52.1 44.6 56.5
27 1± 0.5 0.9± 0.4 24.9 24.9 71.9
28 1.5± 0.2 4.8± 0.2 37.1 25.4 3.3
29 3.2± 0.2 11.1± 0.4 45.2 34.6 129
30 1.5± 0.4 2± 0.4 27.1 24.9 77.6
31 5.1± 0.7 10.1± 0.7 37.3 31.1 6.3
32 1.1± 0.5 1± 0.5 24.9 24.9 28
33 2± 0.3 2.7± 0.3 29.2 24.9 80.2
34 1.1± 0.5 1.2± 0.5 24.9 24.9 34
35 2± 0.2 4± 0.2 45.8 27.4 34.4
36 1.2± 0.2 2± 0.2 45.2 24.9 121
37 4.8± 0.7 8± 0.7 32.2 27.1 23.3
38 1.1± 0.2 1.3± 0.2 24.9 24.9 43.5
39 1.3± 0.3 2.1± 0.3 39.9 24.9 173
40 0.9± 0.2 1.3± 0.2 31.8 24.9 125
41 1.4± 0.1 2.3± 0.3 28.8 24.9 80.1
42 1.5± 0.3 6.1± 0.7 49.8 40.9 14
43 0.9± 0.2 1.3± 0.4 35.7 28.1 15.5
44 1.9± 0.2 5.2± 0.2 38 35.6 98.3
45 0.8± 0.2 0.9± 0.2 26.9 24.9 11.5
46 0.7± 0.04 1.11± 0.05 28.5 24.9 158
47 1± 0.2 3.6± 0.5 44.1 38.8 166
48 1.1± 0.1 2± 0.2 31.9 25.9 109
B.3. Mon R1 345
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
49 2.1± 0.5 5.5± 0.8 39.9 31.7 91.3
50 0.9± 0.1 1.8± 0.3 40.5 24.9 59.6
51 0.6± 0.1 0.8± 0.1 33.5 27.2 46.6
52 0.91± 0.08 2.9± 0.1 50.6 27.8 169
53 0.7± 0.1 0.9± 0.1 28.4 24.9 135
54 1± 0.2 2.4± 0.3 37.9 26.6 72.7
55 0.6± 0.2 0.7± 0.2 24.9 24.9 99.4
56 0.6± 0.2 1.3± 0.2 48.3 24.9 54.3
57 2.9± 0.2 4.5± 0.2 43 24.9 77.7
58 0.7± 0.2 1.4± 0.2 44.4 26.8 30.7
59 0.7± 0.2 1.1± 0.2 31 24.9 6.2
60 0.53± 0.1 1.2± 0.1 37.7 29.2 166
61 0.6± 0.1 0.8± 0.1 29.9 24.9 19.2
62 0.9± 0.2 4.6± 0.3 59.3 46.3 171
63 0.69± 0.1 1.1± 0.1 31.3 24.9 165
64 1.2± 0.1 3.8± 0.2 46.1 32.9 80.3
65 0.9± 0.1 3.5± 0.2 47.5 37.1 6.5
66 1.13± 0.1 3± 0.2 39.5 31.2 171
67 0.7± 0.2 1± 0.2 31.8 24.9 119
68 0.5± 0.2 0.5± 0.2 24.9 24.9 36.5
69 0.4± 0.5 0.6± 0.5 32.2 24.9 91.3
70 1.22± 0.09 4.8± 0.2 44 41.5 2.3
71 0.8± 0.1 1.8± 0.2 47.4 25.2 10.9
72 0.5± 0.2 0.5± 0.2 24.9 24.9 68.3
73 0.4± 0.2 0.4± 0.1 29.7 24.9 172
74 1.1± 0.2 4.1± 0.3 53.3 34.5 78.6
75 0.7± 0.2 1.1± 0.2 30.3 27.1 42.6
76 1.4± 0.2 6.1± 0.3 46.8 44.6 100
77 0.67± 0.09 1.1± 0.1 31 24.9 134
78 0.3± 0.1 0.7± 0.2 41.5 24.9 147
79 0.7± 0.5 0.8± 0.4 27.3 24.9 130
80 0.9± 0.1 2.3± 0.2 52.9 24.9 167
81 0.44± 0.08 0.5± 0.07 25.1 24.9 30.1
82 0.7± 0.2 1.4± 0.2 38.3 29.9 95.1
83 0.3± 0.1 0.38± 0.09 31.7 27.6 163
84 0.58± 0.05 1.46± 0.08 38.8 31.1 12.5
85 0.5± 0.2 0.5± 0.1 27.1 24.9 132
86 0.6± 0.1 1.1± 0.1 48.7 24.9 124
87 0.87± 0.09 2.5± 0.2 46.7 28.5 8.5
88 0.5± 0.2 0.6± 0.2 27.1 24.9 170
89 0.7± 0.08 2.8± 0.2 53.2 38.2 75.6
90 0.2± 0.1 0.5± 0.1 48 25.9 120
346 Appendix B. Core Catalogues
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
91 1.15± 0.09 4.5± 0.2 46.7 34.8 178
92 0.8± 0.1 1.5± 0.1 40.1 24.9 90.2
93 0.9± 0.1 1.5± 0.1 37.7 24.9 91.1
94 0.5± 0.2 0.9± 0.2 31.3 27.6 39.7
95 1.04± 0.04 4.37± 0.09 55.5 36 7.1
96 0.5± 0.1 1.6± 0.2 37.5 33.6 110
97 0.6± 0.1 1.2± 0.2 36.1 24.9 46.5
98 0.4± 0.1 0.5± 0.1 32.5 24.9 150
99 0.4± 0.2 0.5± 0.2 41 24.9 141
100 0.7± 0.1 2.6± 0.2 58.1 34 147
101 0.8± 0.1 1.5± 0.1 33.7 27.4 33.4
102 0.51± 0.04 1.13± 0.06 34.1 29.4 147
103 0.5± 0.2 1.1± 0.2 38.5 29.3 26.4
104 0.8± 0.4 1.1± 0.4 29.7 24.9 47.2
105 0.3± 0.08 0.27± 0.07 29.3 24.9 136
106 0.9± 0.1 3.4± 0.2 52.6 38.8 176
107 0.73± 0.05 3.3± 0.1 50.5 37.5 134
108 0.3± 0.1 0.29± 0.1 33.1 24.9 93.8
109 0.33± 0.08 0.31± 0.09 24.9 24.9 14.1
110 0.52± 0.09 0.9± 0.1 34.6 24.9 36.2
111 0.43± 0.08 0.56± 0.09 26.6 24.9 57.3
112 0.5± 0.2 1± 0.1 35.4 24.9 11.6
113 0.69± 0.08 2.2± 0.1 42.7 35 140
114 0.4± 0.1 1.4± 0.2 46.6 37.2 171
115 0.6± 0.2 1.3± 0.2 45.9 25.6 19.4
116 0.8± 0.2 4.4± 0.4 53.3 49.8 6.6
117 0.9± 0.2 1.6± 0.2 32.6 29 127
118 0.4± 0.1 2.1± 0.2 59.7 44.4 106
119 0.4± 0.1 0.8± 0.2 34 30.7 27.9
120 0.37± 0.09 0.9± 0.1 51.9 25.9 70.7
121 0.48± 0.07 1.03± 0.09 44 24.9 17.4
122 0.4± 0.1 0.6± 0.1 29.5 24.9 99.4
123 0.4± 0.1 0.4± 0.1 25.4 24.9 156
124 0.34± 0.06 0.67± 0.07 43.8 25 159
125 0.47± 0.06 0.87± 0.07 37.5 24.9 81.2
126 0.35± 0.04 1.43± 0.07 48.1 38 28.1
127 0.29± 0.07 0.5± 0.1 38 29.2 154
128 0.52± 0.1 2.8± 0.2 61 46.4 144
129 0.45± 0.05 1± 0.08 37.3 28.2 118
130 0.31± 0.06 0.33± 0.06 30.2 24.9 131
131 0.4± 0.2 2.3± 0.4 66 48.9 174
132 0.5± 0.1 1.5± 0.2 45.7 38.1 43.3
B.3. Mon R1 347
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
133 0.19± 0.06 0.25± 0.06 26 24.9 92.7
134 0.3± 0.08 0.3± 0.08 25.8 24.9 40.1
135 0.4± 0.1 0.6± 0.1 40.4 24.9 122
136 0.78± 0.05 4.9± 0.1 52.2 46.6 42.2
137 0.37± 0.09 0.7± 0.1 35 28.1 101
138 0.33± 0.1 0.4± 0.1 26 24.9 61.8
139 0.4± 0.1 2.3± 0.3 71.1 46.1 31.9
140 0.27± 0.09 0.38± 0.09 32 24.9 151
141 0.22± 0.05 0.39± 0.06 39.9 24.9 161
142 0.3± 0.2 0.5± 0.2 35.4 24.9 168
143 0.3± 0.1 0.5± 0.2 35 25.1 120
144 0.3± 0.04 0.62± 0.05 45 26.1 24.6
145 0.3± 0.1 0.3± 0.1 26.7 24.9 54.8
146 0.19± 0.07 0.19± 0.06 26.2 24.9 99.3
147 0.25± 0.08 0.36± 0.08 34.5 25 40.9
148 0.26± 0.05 0.54± 0.08 40.3 25 155
149 0.26± 0.09 0.41± 0.08 35.3 27.4 142
150 0.4± 0.1 0.6± 0.1 27.9 24.9 9
151 0.31± 0.09 0.8± 0.1 38.9 35.1 81.3
152 0.27± 0.09 0.37± 0.09 28.7 26.2 30.1
153 0.16± 0.06 0.36± 0.07 50.9 27.7 179
154 0.19± 0.04 0.21± 0.04 29.1 24.9 115
155 0.177± 0.004 0.679± 0.005 55.5 34.8 126
156 0.23± 0.06 0.23± 0.06 28.2 24.9 169
157 0.4± 0.1 1.5± 0.2 65.1 33.4 146
158 0.3± 0.1 0.5± 0.1 41.7 24.9 130
159 0.24± 0.06 0.83± 0.1 60.1 32.2 4.1
160 0.26± 0.09 0.5± 0.1 33.3 27.8 25.4
161 0.3± 0.1 0.4± 0.1 37.2 24.9 83
162 0.27± 0.1 1± 0.2 64.2 35.2 171
163 0.18± 0.07 0.13± 0.06 24.9 24.9 95.5
164 0.21± 0.07 0.27± 0.07 28.1 24.9 54.6
165 0.27± 0.07 1.1± 0.1 51.9 40.6 162
166 0.22± 0.05 0.57± 0.07 38.7 31 128
167 0.15± 0.06 0.21± 0.07 30.3 24.9 67.9
168 0.21± 0.1 0.5± 0.1 49.5 27.4 146
169 0.23± 0.1 0.4± 0.1 38.3 24.9 80.7
170 0.25± 0.06 0.46± 0.07 35.9 28.7 151
171 0.23± 0.05 0.71± 0.07 59.2 25.7 75.8
172 0.18± 0.08 0.6± 0.1 75.5 28 72.3
173 0.16± 0.04 0.38± 0.04 45.4 27.9 57.2
174 0.2± 0.07 0.45± 0.09 49.6 27.4 79.9
348 Appendix B. Core Catalogues
# F350P ± σ350P F350T ± σ350T A350 B350 Θ350
175 0.24± 0.08 0.34± 0.09 32.9 24.9 27.6
176 0.19± 0.05 0.34± 0.05 38.5 27.4 89.9
177 0.16± 0.07 0.23± 0.07 29.5 24.9 36.3
178 0.17± 0.06 0.29± 0.07 38.9 24.9 45.6
179 0.11± 0.02 0.16± 0.03 43.6 34.2 31.8
500 µm Parameters
As for 22µm.
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
1 5± 0.2 5± 0.2 36.3 36.3 170
2 1.4± 0.2 1.3± 0.2 36.3 36.3 145
3 5.1± 0.3 4.9± 0.3 36.3 36.3 111
4 1.7± 0.2 1.7± 0.2 36.3 36.3 143
5 2.1± 0.2 2.4± 0.2 40.8 36.3 150
6 2.4± 0.4 2.4± 0.4 36.3 36.3 0.9
7 2.6± 0.2 6± 0.2 56.4 47.4 14.3
8 1.4± 0.3 1.7± 0.3 36.3 36.3 8.2
9 2.7± 0.2 3.2± 0.2 37.5 36.3 112
10 1.2± 0.4 1.2± 0.4 36.3 36.3 175
11 2.1± 0.3 2.4± 0.6 36.3 36.3 30.3
12 2.8± 0.5 2.9± 0.5 36.3 36.3 14.3
13 2± 0.2 2.5± 0.2 42 36.3 102
14 1± 0.3 1± 0.3 36.3 36.3 1.7
15 1.8± 0.3 2± 0.3 36.3 36.3 139
16 1.1± 0.3 1.9± 0.4 57.1 36.3 24.1
17 2.4± 0.2 2.6± 0.2 39.5 36.3 145
18 1.8± 0.3 3.2± 0.5 58.3 36.3 94.1
19 1.2± 0.2 2.3± 0.2 69.1 52.1 57.6
20 3.5± 0.3 5.2± 0.5 42.9 36.3 18.5
21 0± 0.3 0± 0.3 36.3 36.3 2.9
22 0.3± 0.1 0.3± 0.1 36.3 36.3 179
23 0.5± 0.2 0.5± 0.1 36.3 36.3 118
24 1.6± 0.3 1.7± 0.3 36.3 36.3 13.6
25 0.4± 0.3 0.4± 0.3 36.3 36.3 136
26 2.1± 0.1 6.4± 0.2 54.8 53.5 86.3
27 1.5± 0.5 1.9± 0.5 44.9 36.3 94.9
28 1.3± 0.2 1.4± 0.3 36.3 36.3 37.1
29 2.3± 0.2 6± 0.3 60.5 44.6 123
30 1.6± 0.5 1.8± 0.4 39.7 36.3 96.7
B.3. Mon R1 349
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
31 4.7± 0.4 5.6± 0.3 36.4 36.3 20.6
32 1.6± 0.4 1.9± 0.4 43.9 36.3 83
33 1.3± 0.2 2.2± 0.2 60.4 36.4 80.9
34 1.6± 0.4 1.7± 0.4 36.3 36.3 31.6
35 2.6± 0.3 3.5± 0.2 51.6 36.3 23.7
36 0.9± 0.1 1.2± 0.2 53.2 36.3 127
37 3.3± 0.4 4.6± 0.4 37.5 36.5 175
38 1± 0.4 0.9± 0.3 36.3 36.3 151
39 1.6± 0.2 2.6± 0.3 43.5 36.3 139
40 0.8± 0.2 0.8± 0.2 36.3 36.3 133
41 0.8± 0.1 1± 0.2 38.6 36.3 59.8
42 1.4± 0.4 3.1± 0.7 49.6 47.9 19
43 0.7± 0.3 0.8± 0.3 36.3 36.3 10.8
44 1.3± 0.5 1.5± 0.4 36.3 36.3 100
45 0.8± 0.1 0.9± 0.1 38.5 36.3 5
46 0.53± 0.04 0.57± 0.04 36.3 36.3 160
47 1.1± 0.1 1.7± 0.2 45.2 36.3 2.2
48 0.8± 0.2 1.5± 0.3 39.7 37.2 91.2
49 1.5± 0.3 3.2± 0.4 61.4 36.3 170
50 0.8± 0.2 1± 0.2 36.3 36.3 31.7
51 0.4± 0.2 0.4± 0.2 42.2 36.3 50.4
52 1± 0.2 2± 0.2 57.8 36.3 161
53 0.5± 0.2 0.5± 0.2 36.3 36.3 122
54 0.9± 0.3 1.2± 0.3 37.5 36.3 49
55 0.5± 0.2 0.6± 0.2 41.9 36.3 94.1
56 0.5± 0.2 0.8± 0.2 54.9 36.3 54.6
57 2.1± 0.5 2.6± 0.4 40.3 36.3 119
58 0.8± 0.2 1.2± 0.2 55.2 36.3 23.2
59 0.9± 0.2 1.1± 0.2 39.8 36.3 104
60 0.5± 0.1 0.6± 0.1 44.5 36.3 160
61 0.2± 0.1 −0.1± 0.1 36.3 36.3 27.6
62 1.6± 0.3 3.8± 0.3 67 45.4 95.2
63 0.5± 0.1 0.5± 0.1 36.3 36.3 164
64 1.1± 0.1 1.9± 0.2 44.3 37.6 74.8
65 0.9± 0.1 1.7± 0.2 50.9 38.7 5.5
66 1.1± 0.2 1.8± 0.2 46.6 36.3 174
67 0.7± 0.3 0.7± 0.2 41.1 36.3 6.5
68 0.1± 0.3 0.2± 0.2 53.7 36.3 66
69 1.4± 0.4 1.4± 0.4 36.3 36.3 64
70 1.2± 0.1 2.7± 0.2 48.4 42.2 156
71 0.9± 0.2 1.8± 0.3 55.2 36.3 11.8
72 0.6± 0.4 0.6± 0.3 36.3 36.3 9.6
350 Appendix B. Core Catalogues
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
73 0.3± 0.2 0.4± 0.1 45.1 36.3 172
74 0.8± 0.2 1.8± 0.2 60.5 36.3 86.9
75 0.5± 0.2 0.6± 0.2 37 36.3 13.2
76 0.8± 0.2 1.7± 0.2 59.8 38 118
77 0.43± 0.09 0.56± 0.09 43.7 36.3 134
78 0.4± 0.1 0.5± 0.2 45.2 36.3 151
79 1.4± 0.5 1.8± 0.5 40.5 36.3 124
80 1± 0.1 1.7± 0.2 62.7 36.3 170
81 0.2± 0.1 0± 0.1 49.5 36.3 154
82 0.8± 0.3 1± 0.3 41.9 36.7 88.9
83 0.2± 0.1 0± 0.1 36.3 36.3 25.2
84 0.51± 0.08 0.73± 0.08 42.2 36.3 1.5
85 0.3± 0.1 0.3± 0.1 46.3 36.3 75.2
86 0.6± 0.1 0.8± 0.1 46.4 36.3 124
87 0.6± 0.07 0.9± 0.1 46 36.3 178
88 0.7± 0.3 1± 0.3 43.7 36.3 122
89 0.9± 0.1 2.4± 0.2 62.3 45.9 109
90 0.2± 0.1 0.4± 0.1 50.4 36.3 102
91 0.89± 0.07 2± 0.1 52.9 37.6 175
92 0.7± 0.1 0.9± 0.1 46 36.3 79.5
93 0.7± 0.2 0.9± 0.2 44.3 36.3 93.3
94 0.4± 0.1 0.4± 0.1 40.5 36.3 25.2
95 1.01± 0.09 3.2± 0.3 61.5 49.9 15.9
96 0.6± 0.1 1.1± 0.2 49.7 40.3 97.7
97 0.5± 0.1 0.8± 0.2 47 36.3 41.2
98 0.23± 0.07 0.13± 0.07 36.3 36.3 150
99 0.4± 0.2 0.6± 0.2 49 36.3 61.5
100 0.8± 0.2 1.7± 0.3 52.5 40.5 153
101 0.5± 0.1 0.7± 0.2 41.2 36.3 33.7
102 0.47± 0.06 0.64± 0.08 37.1 36.3 140
103 0.5± 0.1 0.6± 0.2 39.4 36.3 4.7
104 1.1± 0.2 1.4± 0.2 44.5 39.4 146
105 0.19± 0.1 0.15± 0.09 44.4 36.3 130
106 0.84± 0.09 1.33± 0.1 49.8 40.9 160
107 0.56± 0.06 1.13± 0.07 51.8 39.5 140
108 0.1± 0.2 0.1± 0.2 36.3 36.3 85.4
109 0.3± 0.2 0.3± 0.1 36.3 36.3 11.4
110 0.38± 0.06 0.37± 0.05 39.4 36.3 31.3
111 0.3± 0.08 0.36± 0.07 37.7 36.3 59
112 0.7± 0.3 0.8± 0.2 50.4 36.3 141
113 0.59± 0.08 1.01± 0.08 47 39.1 144
114 0.3± 0.1 0.5± 0.2 48.6 36.3 157
B.3. Mon R1 351
# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
115 0.5± 0.2 0.5± 0.2 46.5 36.3 18.8
116 1± 0.3 1.9± 0.5 52.9 41.4 6.3
117 1.2± 0.2 1.7± 0.2 44.6 36.3 90.4
118 0.4± 0.1 1.1± 0.2 56.4 49 85.4
119 0.2± 0.1 0.2± 0.1 36.3 36.3 28.3
120 0.51± 0.09 0.74± 0.09 49.9 36.3 76.2
121 0.41± 0.07 0.54± 0.07 46.7 36.3 15.7
122 0.32± 0.06 0.36± 0.05 37.5 36.3 85.6
123 0.2± 0.2 0.2± 0.2 51.6 36.3 167
124 0.3± 0.06 0.38± 0.06 44.6 36.3 148
125 0.39± 0.07 0.5± 0.07 40.2 36.3 79.7
126 0.3± 0.04 0.6± 0.05 52.9 39.4 27.6
127 0.21± 0.05 0.15± 0.06 50.7 36.3 179
128 0.48± 0.08 1.1± 0.1 54 42.3 154
129 0.36± 0.08 0.45± 0.08 42.6 36.3 116
130 0.2± 0.04 0.15± 0.04 39.6 36.3 147
131 0.4± 0.2 1.2± 0.2 60.7 47 27.8
132 0.47± 0.07 0.74± 0.08 44.9 37.6 33.3
133 0.13± 0.06 0.11± 0.05 36.3 36.3 110
134 0.09± 0.09 0.05± 0.09 36.3 36.3 50.6
135 0.3± 0.2 0.3± 0.1 54.5 36.3 123
136 0.61± 0.05 1.8± 0.09 58.1 47.6 175
137 0.32± 0.07 0.37± 0.08 36.3 36.3 125
138 0.15± 0.09 0.11± 0.08 47.2 36.3 102
139 0.3± 0.1 0.6± 0.1 79.8 39 33.5
140 0.26± 0.07 0.33± 0.07 41.7 36.8 136
141 0.2± 0.06 0.27± 0.05 45.2 36.3 8.9
142 0.3± 0.1 0.3± 0.1 37.7 36.3 138
143 0.3± 0.1 0.3± 0.1 46.2 36.3 132
144 0.23± 0.04 0.3± 0.03 51.2 36.3 17.3
145 0.1± 0.1 0.1± 0.1 36.3 36.3 108
146 0.12± 0.07 0.11± 0.07 38.3 36.3 152
147 0.18± 0.06 0.23± 0.06 46.2 36.3 132
148 0.18± 0.07 0.25± 0.08 41.3 36.3 159
149 0.3± 0.2 0.4± 0.2 47.3 36.3 150
150 0.3± 0.1 0.41± 0.1 36.3 36.3 27.7
151 0.24± 0.08 0.34± 0.07 55.2 36.3 85.6
152 0.1± 0.1 0.09± 0.1 49.2 37.1 38.5
153 0.18± 0.06 0.28± 0.06 49.8 37.4 170
154 0.08± 0.03 0.06± 0.03 37.3 36.3 118
155 0.16± 0.03 0.25± 0.03 52.6 36.3 134
156 0.4± 0.1 0.7± 0.1 56.5 36.3 97.5
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# F500P ± σ500P F500T ± σ500T A500 B500 Θ500
157 0.3± 0.1 0.6± 0.2 60.2 37.1 4.7
158 0.22± 0.04 0.19± 0.04 38.6 36.3 152
159 0.21± 0.08 0.33± 0.1 64.8 36.3 5.3
160 0.18± 0.1 0.25± 0.09 43 36.3 13.7
161 0.21± 0.09 0.23± 0.08 39.4 36.3 79.7
162 0.24± 0.07 0.49± 0.09 63.4 41 167
163 0.13± 0.08 0.07± 0.07 36.3 36.3 120
164 0.09± 0.07 0.09± 0.07 42.3 36.3 39
165 0.22± 0.07 0.43± 0.09 50.1 38.8 163
166 0.17± 0.05 0.24± 0.05 43.6 36.3 120
167 0.25± 0.09 0.34± 0.09 54.8 36.3 3
168 0.18± 0.05 0.24± 0.05 47.9 36.3 147
169 0.14± 0.09 0.14± 0.08 39.4 36.3 114
170 0.15± 0.04 0.16± 0.04 43.9 36.3 154
171 0.2± 0.05 0.41± 0.06 67.3 36.3 81.7
172 0.23± 0.08 0.5± 0.1 49.6 44.1 45
173 0.15± 0.06 0.15± 0.05 40.3 36.3 66.2
174 0.2± 0.1 0.3± 0.1 50.2 37.3 77.6
175 0.18± 0.07 0.16± 0.07 38.4 36.3 24.1
176 0.13± 0.05 0.18± 0.05 48.6 36.3 93.3
177 0.1± 0.1 0.14± 0.1 37.1 36.3 18.7
178 0.16± 0.07 0.19± 0.07 46.3 36.3 44.4
179 0.09± 0.004 0.085± 0.004 50.8 37.5 20.4
Mon R1 WISE Catalogue Measurements
WISE flux densities, Fλ (in Jy), for all sources that showed overlap, together with the
name of the WISE source (22µm not given, as this was measured directly by getsources).
# F3.4 F4.6 F12 WISE name
4 0.020 0.051 0.064 J063158.66+102747.4
5 0.012 0.049 0.34 J063234.25+103531.0
6 0.019 0.10 0.28 J063240.86+101937.4
9 0.014 0.050 0.066 J063054.21+103803.5
10 0.000056 0.0026 0.018 J063245.35+103029.8
19 0.030 0.054 0.10 J063110.27+102401.5
22 0.019 0.026 0.060 J063142.08+102803.1
23 0.084 0.11 0.13 J063157.84+102736.4
25 0.00019 0.0013 0.012 J063218.93+102109.8
27 0.010 0.021 0.021 J063235.14+101951.0
34 0.00023 0.00055 0.00065 J063240.31+101758.3
B.3. Mon R1 353
# F3.4 F4.6 F12 WISE name
40 0.00019 0.00030 0.00061 J063206.69+101937.0
46 0.00026 0.00032 0.00035 J063106.89+104507.2
48 0.000090 0.000093 0.00055 J063132.49+102212.1
50 0.00033 0.00050 0.00062 J063156.15+102802.7
96 0.000074 0.000086 0.00041 J063104.54+103742.1
109 0.000070 0.000077 0.00047 J063258.58+102508.5
130 0.00021 0.00023 0.00063 J063304.86+103953.2
Mon R1 Derived Core Properties
This contains: temperature, T (in K), clump mass, M (in M), both with errors, σ,
and luminosity, L (in L). Also, the table has the most likely core type for the object,
whether protostellar or starless, and a potential identity, from SIMBAD.
# T ± σT M ± σM L Core Type
1 35± 1 0.7± 0.1 290 Protostar VY Mon
2 30± 5 0.19± 0.08 24 Protostar 2MASS J06322611+1019184
3 20± 2 1.6± 0.5 18 Protostar 2MASS J06323082+1018396
4 24± 3 0.5± 0.2 17 Protostar 2MASX J06315873+1027475
5 20± 2 0.6± 0.2 16 Protostar
6 19± 2 0.8± 0.3 11 Protostar
7 17± 1 3.3± 1 41 Piece of cloud NGC 2247
8 16± 1 0.7± 0.3 1.5 Protostar
9 16± 1 1.6± 0.5 4.9 Protostar
10 17± 2 0.6± 0.2 2.8 Protostar
11 23± 3 1.5± 0.6 33 Bound dense core
12 18± 2 1.1± 0.4 4.8 Protostar
13 18± 2 0.9± 0.3 3.6 Protostar IRAS 06281+1039
14 25± 4 0.2± 0.1 10 Protostar
15 19± 2 1.2± 0.4 6.7 Protostar
16 31± 6 0.4± 0.2 52 Piece of cloud
17 19± 2 1.7± 0.5 8.6 Protostar 2MASS J06310791+1025492
18 14± 1 0.8± 0.3 0.71 Protostar
19 12.1± 0.8 0.9± 0.3 2.3 Protostar 2MASS J06311028+1024015
20 8.2± 0.8 60± 30 1.7 Bound dense core
21 13± 2 0.5± 0.4 0.48 Protostar
22 14± 1 0.2± 0.09 1.2 Protostar
23 23± 3 0.16± 0.07 6.7 Piece of cloud
24 16± 2 1.1± 0.4 2.0 Piece of cloud
25 12± 1 1± 0.4 0.57 Protostar
26 8.9± 0.7 23± 10 1.1 Piece of cloud
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# T ± σT M ± σM L Core Type
27 8.4± 0.8 10± 6 0.79 Protostar
28 10.7± 0.6 13± 4 1.9 Bound dense core
29 15± 1 8± 2 14 Bound dense core
30 9.6± 0.5 7± 2 0.65 Bound dense core
31 8.2± 0.8 30± 20 0.97 Piece of cloud
32 10.4± 0.6 6± 2 1.2 Piece of cloud
33 13.4± 0.9 3± 0.9 1.7 Bound dense core
34 12.4± 0.9 5± 2 1.7 Bound dense core
35 9.8± 0.5 4± 1 0.38 Piece of cloud
36 9.5± 0.5 7± 2 0.53 Piece of cloud
37 10± 1 30± 10 2.3 Bound dense core
38 9.1± 0.5 5± 2 0.40 Protostar
39 8.5± 0.4 23± 7 0.84 Piece of cloud
40 9± 0.9 7± 4 0.38 Bound dense core
41 9.9± 0.5 6± 2 0.61 Piece of cloud
42 9± 0.4 30± 10 1.7 Bound dense core
43 8.4± 0.6 10± 5 0.35 Piece of cloud
44 10.5± 0.6 15± 5 2.0 Piece of cloud
45 11.9± 0.7 2.2± 0.7 0.60 Piece of cloud
46 9.7± 0.5 4± 1 0.36 Bound dense core
47 8.8± 0.4 27± 8 1.2 Bound dense core
48 11.4± 0.7 6± 2 1.2 Bound dense core
49 12.6± 0.9 8± 3 3.2 Bound dense core
50 10.9± 0.7 2.3± 0.9 0.39 Piece of cloud
51 9± 1 3± 2 0.13 Piece of cloud
52 9.3± 0.4 18± 5 1.1 Bound dense core
53 8.8± 0.5 6± 2 0.33 Piece of cloud
54 9.3± 0.5 12± 4 0.75 Piece of cloud
55 10± 0.6 2.1± 0.9 0.20 Piece of cloud
56 9.5± 0.5 6± 2 0.42 Bound dense core
57 9.6± 0.4 16± 5 1.4 Piece of cloud
58 10.5± 0.6 6± 2 0.73 Bound dense core
59 11.1± 0.6 3± 1 0.54 Bound dense core
60 10.2± 0.5 6± 2 0.66 Bound dense core
61 12.1± 1 1.3± 0.6 0.41 Piece of cloud
62 11.1± 0.6 11± 3 1.9 Bound dense core
63 10.8± 0.6 4± 1 0.55 Bound dense core
64 9.4± 0.4 20± 6 1.3 Bound dense core
65 9.6± 0.4 17± 5 11 Bound dense core
66 8.6± 0.7 30± 10 1.1 Bound dense core
67 8.3± 0.9 7± 5 0.23 Piece of cloud
68 9.6± 0.9 2± 1 0.11 Piece of cloud
B.3. Mon R1 355
# T ± σT M ± σM L Core Type
69 10.6± 0.7 6± 2 0.80 Bound dense core
70 9.8± 0.4 23± 6 2.0 Bound dense core
71 10.6± 0.6 7± 2 0.90 Bound dense core
72 9.5± 0.8 2± 1 0.11 Piece of cloud
73 11± 0.8 1± 0.5 2.3 Protostar
74 12.1± 0.7 6± 2 2.3 Bound dense core
75 9.2± 0.5 7± 3 0.41 Piece of cloud
76 11± 1 15± 7 1.9 Bound dense core
77 11± 0.6 3± 0.9 0.52 Bound dense core
78 10.5± 0.7 4± 2 0.50 Bound dense core
79 10.4± 0.6 17± 7 3.4 Bound dense core
80 11.2± 0.6 6± 2 1.1 Bound dense core
81 13± 1 0.3± 0.2 0.13 Piece of cloud
82 9± 0.9 10± 6 0.51 Bound dense core
83 10.3± 1 0.7± 0.4 0.084 Protostar
84 10.2± 0.5 6± 2 0.68 Bound dense core
85 10.8± 0.8 1.2± 0.6 0.19 Piece of cloud
86 9.2± 0.4 7± 2 0.40 Bound dense core
87 9.7± 0.5 5± 1 0.36 Piece of cloud
88 9.7± 0.6 3± 1 0.24 Bound dense core
89 8.3± 0.7 30± 10 1.1 Bound dense core
90 10± 1 3± 2 0.28 Bound dense core
91 10.1± 0.5 12± 3 1.3 Bound dense core
92 11.2± 0.6 3± 1 0.64 Piece of cloud
93 11± 1 4± 2 0.83 Bound dense core
94 11.7± 0.8 1.9± 0.7 0.48 Bound dense core
95 9.7± 0.9 14± 6 1.1 Bound dense core
96 10.8± 0.6 5± 1 0.72 Bound dense core
97 10.9± 0.6 4± 1 0.57 Bound dense core
98 10.7± 0.8 1.5± 0.8 0.22 Bound dense core
99 8± 0.9 3± 2 0.11 Piece of cloud
100 9± 0.4 16± 5 0.83 Bound dense core
101 13± 0.9 2.2± 0.7 1.1 Bound dense core
102 9.5± 0.4 4± 1 0.40 Piece of cloud
103 11.1± 0.7 4± 1 2.4 Bound dense core
104 10± 1 7± 4 0.50 Piece of cloud
105 9.7± 0.7 1.4± 0.7 0.12 Bound dense core
106 9.4± 0.4 10± 3 0.65 Bound dense core
107 12± 0.7 5± 1 1.5 Bound dense core
108 12± 1 0.5± 0.3 0.16 Piece of cloud
109 10.8± 0.9 1± 0.5 0.16 Piece of cloud
110 9.1± 0.9 4± 2 0.22 Bound dense core
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# T ± σT M ± σM L Core Type
111 10± 1 3± 2 0.30 Piece of cloud
112 9± 0.5 3± 1 0.22 Piece of cloud
113 10.6± 0.5 8± 2 1.1 Bound dense core
114 10.9± 0.7 4± 2 0.72 Bound dense core
115 17± 2 0.8± 0.3 1.9 Piece of cloud
116 9.5± 0.5 22± 7 1.5 Bound dense core
117 8.1± 0.4 11± 4 0.29 Piece of cloud
118 13.7± 0.9 2.9± 0.9 2.3 Bound dense core
119 10.8± 0.8 3± 1 0.48 Bound dense core
120 10.5± 0.6 5± 2 0.69 Bound dense core
121 13.1± 0.8 1.4± 0.4 0.72 Bound dense core
122 10.7± 0.6 1.7± 0.6 0.25 Bound dense core
123 10.7± 0.9 0.8± 0.5 0.12 Protostar
124 9.3± 0.9 4± 2 0.24 Bound dense core
125 9.7± 0.5 5± 1 0.38 Bound dense core
126 12± 2 3± 2 1.3 Bound dense core
127 10.4± 0.7 1.7± 0.7 7.6 Bound dense core
128 10.3± 0.5 9± 3 1.4 Bound dense core
129 11.8± 0.7 2.3± 0.7 0.61 Bound dense core
130 11± 1 0.9± 0.5 0.17 Bound dense core
131 10.8± 0.6 7± 2 1.1 Bound dense core
132 10.6± 0.5 6± 2 0.85 Bound dense core
133 13± 1 0.4± 0.2 0.17 Unbound clump
134 9.5± 0.7 1.7± 0.9 0.12 Bound dense core
135 12± 1 0.9± 0.5 0.31 Bound dense core
136 11.9± 0.7 9± 2 2.7 Bound dense core
137 10.9± 0.7 2± 0.7 0.38 Bound dense core
138 15± 2 0.3± 0.2 0.40 Unbound clump
139 23± 4 0.6± 0.3 14 Unbound clump
140 11.7± 0.8 0.8± 0.3 0.20 Piece of cloud
141 12.5± 0.8 0.8± 0.3 0.31 Unbound clump
142 11.6± 0.9 1.2± 0.5 0.28 Piece of cloud
143 10.7± 0.8 1.9± 0.9 0.28 Bound dense core
144 12.2± 0.7 1.2± 0.3 0.36 Bound dense core
145 11± 1 0.6± 0.4 0.12 Piece of cloud
146 11± 1 0.4± 0.2 0.082 Piece of cloud
147 12.7± 0.9 0.5± 0.2 0.22 Unbound clump
148 11± 0.7 1.5± 0.6 0.25 Bound dense core
149 10.5± 0.8 1.6± 0.8 0.21 Bound dense core
150 10.6± 0.7 1.1± 0.4 0.16 Bound dense core
151 11± 0.7 2± 0.7 0.35 Bound dense core
152 13± 1 0.5± 0.2 0.20 Piece of cloud
B.3. Mon R1 357
# T ± σT M ± σM L Core Type
153 12.4± 0.8 1.2± 0.4 0.43 Unbound clump
154 10.7± 0.8 0.7± 0.3 0.096 Unbound clump
155 11± 0.6 1.9± 0.6 0.34 Piece of cloud
156 11± 0.6 1± 0.3 7.2 Piece of cloud
157 14± 3 2± 1 1.8 Unbound clump
158 16± 2 0.4± 0.2 0.96 Unbound clump
159 12± 2 2± 1 0.44 Bound dense core
160 13± 1 0.8± 0.4 0.34 Unbound clump
161 11± 2 1.3± 0.9 0.25 Bound dense core
162 17± 2 1.1± 0.4 2.9 Unbound clump
163 13± 1 0.3± 0.2 0.11 Protostar
164 11± 1 0.6± 0.4 0.13 Bound dense core
165 11.3± 0.7 2.7± 0.9 0.53 Bound dense core
166 13± 2 1.1± 0.6 5.8 Unbound clump
167 8.1± 0.8 3± 2 0.083 Bound dense core
168 12.2± 0.8 1± 0.4 0.31 Unbound clump
169 13± 1 0.8± 0.4 0.42 Unbound clump
170 14± 1 0.7± 0.2 0.56 Unbound clump
171 14± 1 1.6± 0.6 1.1 Unbound clump
172 16± 2 1± 0.4 1.6 Unbound clump
173 12± 2 0.9± 0.6 0.34 Unbound clump
174 17± 2 0.4± 0.2 1.3 Unbound clump
175 12.3± 1 1.1± 0.5 0.35 Unbound clump
176 11± 1 1.3± 0.7 0.18 Bound dense core
177 12± 1 0.7± 0.4 0.20 Unbound clump
178 13± 3 0.6± 0.5 0.34 Unbound clump
179 11± 1 0.6± 0.3 0.093 Piece of cloud

Appendix C: Core Snapshots
In addition to the snapshots provided elsewhere in this thesis (HOBYS J060626.1−060142,
Figure 2.10; HOBYS J060757.3 −063105, Figure 2.12; HOBYS J064127.0 +092226, Fig-
ure 4.10; HOBYS J063136.8 +103630, Figure 5.9; and HOBYS J063106.9 +102604,
or VY Mon, Figure 5.9), this section will provide the snapshots for an additional two
sources, HOBYS J060747.7 −062256 (Mon R2 IRS 3; given in Figure C), and HOBYS
J064109.9 +092932 (NGC 2264 IRS 1, or Allen’s Source; given in Figure C). In both
cases the wavelengths used are: 3.6µm, 24µm (Spitzer), 70µm, 160µm (PACS), 250µm,
350µm, 500µm (SPIRE), either 850µm (SCUBA-2, for HOBYS J060747.7 −062256) or
1200µm (MAMBO, for HOBYS J064109.9 +092932) and the column density map (Σ˜).
The full snapshot catalogue will be provided separately.
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